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INTRODUCTION 


In a series of experiments reported in 1917 and 1918 ? sodium nitrate 
was applied at different stages of growth. When the sodium nitrate 
was applied at the first stage, when the crop was about 2 inches high, 
an increase in yield was obtained. When applied at the second stage, 
at the time of heading, the yield was not affected, but a higher nitrogen 


content, both in the grain and straw, was obtained, and yellow-berry 
was practically eliminated. When applied at the third or milk stage, 
almost no effect was observed. The wheat used in those experiments 
was a soft winter wheat. The terms flinty and yellow-berry refer not 
to the typical qualities of wheat designated by them but only to the 
color of the grain.® 

The experiment discussed in this article was undertaken with two 
objects in view. One was to repeat the previous experiments with a 
hard winter wheat in a region where the prevalence of typical yellow- 
berry fluctuates from year to year; the other was to determine the effect 
of nitrogen derived from carriers other than sodium nitrate. 

The experiment was carried out on the farm of the Claassen brothers, 
near Beatrice, Cage County, in the State of Nebraska,‘ in the summer of 


1917. 


1 Accepted for odie July 2, 1921. 

2 Davipson, J., and LECLERC, J. A. THE EFFECT OF SODIUM NITRATE APPLIED AT DIFFERENT STAGES OF 
GROWTH ON THE YIELD, COMPOSITION, AND QUALITY OF WHEAT. Jn Jour. Amer. Soc. Agron., v. 9, no. 4, 
P. 145-154, 1917; V. 10, NO. 5, P. 193-198, 1918. 

3Since this work was completed, W. F. Gericke (ON THE PROTEIN CONTENT OF WHEAT. In Science, 
N.S., v. 52, D. 446-447. 1920; DIFFERENCES EFFECTED IN THE PROTEIN CONTENT OF GRAIN BY APPLI- 
CATIONS OF NITROGEN MADE AT DIFFERENT GROWING PERIODS OF PLANTS. In Soil Science, v. 14, p. 103- 
109. 1922) reported results which, with due allowance for the greenhouse conditions under which his 
experiments were carried cut, are identical in their essential tendencies with the results just referred to. 
The two papers by Davidson and LeClere,? which had been presented at consecutive annual meetings of 
the American Society of Agronomy before they were published, seem to have esc aned Mr. Gericke’s 
notice, as he asserts (Science, Loc. cit.) that his results obtained with wheat, one o! ihe plants studied, 
throw new light upon this protein question. 

My a authors wish to acknowledge the valuable assistance of County Agent L. B. Rist and of the owners 
of the farm. 
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PLAN OF THE EXPERIMENT 


The plan of the experiment is given in the following table: 











Plot | Stage 1 (crop about 8 inches 
No. high). 
1| Sodium nitrate (2 
pounds). 
Bali xbdreV eee ders evar ea as 
BES Seats vercci eMiticinst Ses ERE oe 
4 | Potassium chlorid (1.8 
pounds). 
Rilisp res noshgirimns veneer 
Ditistaatersisecuwenas same 
7| Calcium nitrate (2 
| pounds). 
Oe Oe ee ra 
1o | Ammonium sulphate 
| (x. § pounds). 
Mttatas on Us gaie sass peeKerd 
12 | Wee Chik a riatals wee Sra Wien ots 
13 | Sodium hydroxid (0.9 
| pound). 
14 Ry RC PI eo ee 
15 Fe eee oe 
16 | Potassium nitrate (2.4 
| pounds). 
TZ |e csencccveserccesvoevecs 
18 | ee One re a 
19 | Sulphuric acid (298 cc.). 
ZO Jone eecrcreveccesceseees 
| on Rr eee er eee ee Oe 
22 | Ammonium chlorid (1.3 
| pounds). 
| Se Eee he ee eS 
24 | aA ay ened wg Saeed 
| , 
25 | Potassium hydroxid (1.3 
| pounds). 
SO sirecdapevesestageeds sen 
} 
i PEs Ce ae te ee 
28 Ammonium nitrate (0.94 
pound). 
Dis <chens nnmeeal vnc leaker 


Stage 2 (time of heading). 


Sodium nitrate (2 
pounds). 


pounds). 


pounds). 


| Ammonium sulphate 
| (1.5 pounds). 





Sodium hydroxid (0.9 
pound), 

Potassium nitrate (2.4 

| pounds). 


| 


Potassium chlorid (1.8 


Stage 3 (milk stage). 


Sodium nitrate (2 





Calcium nitrate (2 


pounds). 
Potassium chlorid (1.8 
pounds). 
| 
| Calcium nitrate (2 
| pounds). 
Ammonium sulphate 


(1.5 pounds). 





| Sodium hydroxid (0.9 
| pound). 

| 

| Potassium nitrate (2.4 
| pounds). 


| Sulphuric acid (298 cc.). .| 


pounds). 


pounds). 


Ammonium nitrate (0.94 
pound). 





Ammonium chlorid (1.3 | 


| Sulphuric acid (298 ce.). 
| 

| 

| Ammonium chlorid (1.3 


pounds), 
| 


Potassium hydroxid (1.3 


Potassium hydroxid (1.3 
pounds). 
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Ph 
Ni 


oo 00 0 & &® 
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Plot Stage 1 (crop about 8 inches 


No. | high). Stage 2 (time of heading). Stage 3 (milk stage). 
OAs oi tare ee achtdy Meme 4 artery ......, Ammonium nitrate (0.94 
pound). 
31 | Water (25 gallons)........; Water (25 gallons). . Water (25 gallons). 
ca eee Nien eee tee eek | Control. 
33 | Sodiur chlorid (1.4 | 
pounds). 
OE GR NET LEY SEN, Teer Sodium  chlorid = (1.4 
| | pounds). 
i. ol aR RS A as eae ets iad ears yer eh Th bee Sodium chlorid (1.4 
| pounds). 
36 | Calcium chlorid (1.3 | 
pounds). 
a oe ee cawvess ......| Caleitum chlorid = (1.3 
pounds). 
Mec CAR eee Maes abi. Due ese aes be Sita eats : Calcium = chilorid = (1.3 
pounds). 
39 | Hydrochloric acid (887 
fl B 
ee ee EEE rt Hydrochloric acid (887 
ce). 
Or See Ce ee sla Hid Ga tick nea ieee ee ee Hydrochloric acid (887 
cc.). 
42 | Potassium sulphate (2 
pounds). 
BGi| so cievase bins svlove vie licales' scx | ORES Galighate: 
pounds). 
Yo ey een | ope eas ie .........| Potassium sulphate (a 
pounds). 
+5 | Magnesium nitrate (1.7 
pounds). 
yA Ca eee ere ae ere Magnesium nitrate (1.7 
pounds). 
Mee thes Ciidacur ee yen Gachecreme tama oneomcmse Taemeer en Magnesium nitrate (1.7 
pounds). 
48 Magnesium chlorid (1.1 
pounds). 
Po SN ee ...| Magnesium chlorid (1.1 
pounds). 
MORSE oth Woes Pom Ahab bs case ap lehe eee naan wan Magnesium chlorid (1.1 
pounds). 
51 | Nitric acid (678 cc. | 
MR bce cpigeksraee ge wee Matie as .| Nitric acid (678 cc.). 
COS GAR e Cae a re PE ME Tor eye rr re .| Nitric acid (678 cc.). 
MBN atetre thd! aurdae oo dawe we Ammonia water(1,490CcCc.). 
OOS Gti ais bet titel ve oer CE LTT CREE Cee Ammonia water (1,490 cc.) 
50 | Water (25 gallons)........| Water (25 gallons)....... Water (25 gallons). 
Lt ee eer eS 
| 





The applications of the various chemicals were calculated at the rate of 
320 pounds of sodium nitrate to the acre. The nitrogen carriers were 
used in such proportions as to give an amount of nitrogen to the acre 
equal to that supplied by the application of sodium nitrate. The other 
elements were applied in such proportions as to give amounts to the acre 
equal to those supplied by the nitrogen carriers. The acids were used in 
amounts which were chemical equivalents of their respective neutral 
salts. The exact quantities of the chemicals used to the plot are shown 
in the foregoing table. The chemicals were applied in solution only, and 
25 gallons of water were used in each case. The experiment was con- 
ducted in duplicate (series A and series B). An average of the results 
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of the two series was not taken, as the purpose of the work was to demon- 
strate tendencies rather than to obtain absolute figures. 
The plots comprised 1 square rod each, with 2-foot alleys between them. 


PRINCIPLES UNDERLYING SELECTION OF CHEMICALS 


When flinty wheat kernels were soaked in the laboratory in a slightly 
acid solution they lost their brown color, and when yellow-berried kernels 
were soaked in a slightly alkaline solution they acquired the brown col- 
oration characteristic of flinty grain. This suggested the idea that the 
color characteristics of flinty and yellow-berried grain constitute indica- 
tor reactions with alkalies and acids, as well as the possibility that the 
elimination of yellow-berry caused by the application of sodium nitrate 
was due to the residual effect of the sodium base. 

The nitrogen carriers used in this experiment were accordingly of 
two distinct groups: Nitric acid and its salts and ammonia and its salts. 
The salts of the nitric acid belong to the physiologically alkaline group. 
Since the plants use the nitrogen of the acid radicles more readily than 
that of the basic elements, residues of basic radicles are left. Following 
the same reasoning, the salts of ammonia may be placed in the physio- 
logically acid group. Ammonium nitrate is a physiologically neutral 
salt. Nitric acid would have the status of a nitrate, since it attacks the 
physiologically neutral salts of the soil, particularly the carbonates, 
thus being transformed into a physiologically alkaline substance. Am- 
monia, which nitrifies very readily, would have approximately the same 
status as nitric acid. The status of potassium nitrate would depend 
upon the rate of assimilation of potassium and nitrogen by the plants, 
which would vary with soil conditions. If these two elements were 
assimilated by the plants at the same rate, the status of potassium nitrate 
would be that of a physiologically neutral substance. Should these two 
elements be assimilated at different rates, its status would always be that 
of a physiologically alkaline substance. Should nitrogen be assimilated 
more readily, a residue of basic potassium would be the result. On the 
other hand, should potassium be assimilated more readily, the residue 
would be nitric acid which, as just explained, would act as a physio- 
logically alkaline substance. 

The same principle underlies the selection of the other chemicals. It 
was expected that the acids and alkalies would produce direct effects 
of alkalinity and acidity. The salts of potassium were counted on to 
produce physiological acidity. The physiologically neutral salts were 
intended to serve as controls with reference to the residual acid and basic 
radicles of the nitrogen carriers. 

The term ‘‘residual effect” is used in this connection to signify the 
possible effect of residual acid or basic radicles on the soil reaction, as 
well as their effect on the physiological reaction of the plant tissues. 


FACTORS WHICH TENDED TO DISTURB THE REGULARITY OF RESULTS 


The plots were laid out in the spring just before the first application. 
Due to the fact that the wheat in Nebraska in that year suffered heavily 
from late frosts, it was impossible to obtain uniform plots. The part of 
the field used for series A was fairly uniform, and the plots were laid out 
consecutively. The section of the field which was available for series B 
was entirely lacking in uniformity. An attempt was made to select fairly 
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uniform plots for the three applications of each chemical and also for 
certain groups of chemicals. The more uniform plots were assigned to 
the nitrogen carriers. Consequently, the control plots were not true 
representatives of normal conditions. Deviations from the controls 
were not necessarily due to the treatments in the case of the tendencies 
which were not sharply defined but which might have been detected 
under normal conditions. 

Another element of disturbance affecting the regularity of the results 
was introduced by the fact that there was no uniform transition from one 
stage io another. When most of the plants on the plots were headed out 
some had not yet reached that stage. The same thing occurred during 
the transition from the second to the third stage. 

Moreover, a heavy rainfall, coming just as the treatment of one series 
was finished, interfered with the second stage application. Part of the 
chemicals applied to that series were thus probably washed out. The 
other series had to be treated when the soil was completely saturated. 
As a result, a portion of the chemicals which were applied in solution ran 
off from some of the plots. This probably accounts for part of the irregu- 
larities which will be found in the tables. 

With all these disturbing factors, however, the principal tendencies 
resulting from the application of the various nitrogen carriers were not 
obscured, due probably to the fact that of the 114 plots of the experiment 
54 received nitrogen. The remaining 60 plots served as controls with 
reference to the effects of this element. Similarly, the plots which re- 
ceived the nitrogen in the third stage frequently served as controls for 
the plots of the other two stages of the groups. 


TABLE I.—Total yield and percentage of grain from plots to which chemicals were applied 
at various stages of growth 


Series A. Series B. 


: Percentage of r Percentage of 
Chemicals applied. Total yield. grain. Total yield. grain. 


[. | el ea 
Stage Stage) Stage Stage! Stage! Stage Stage) Stage, Stage) Stage] Stage) Stage 
le " x ‘ I. 2. 3 he | a | 

———|——_—| tee 
Lbs. | Lbs. Lbs. | Lbs. | Lbs. | 





Sodium nitrate............. 50.2 | 31.1 | 28.5 | 36.9 | 41.9 | 42-7 34.7 | 26.5 | 23.4 | 33-3 42.3 | 382 
Potassium chlorid. .. 30.0 | 33.2 | 24.2 | 42.9 | 405 | 40.4 | 26.0 | 25.5 | 23.7 | 39.6] 41-9 | 41-4 
Calcium nitrate...... - 45-9 | 33-0 | 23.2 | 37-3 | 41-5 | 42.8 | 33.5 | 23.0 | 24.8 | 35.9 | 382 } 38.3 
Ammonium sulphate. 39-5 | 33:5 | 203 | 34-5 | 39-3 | 386) 29.5 | 25.4 | 22.5 | 40.1 | 39.4 | 36.8 
Sodium hydroxid........ 27.0 | 25.0 | 21.7 , 36.8 | 45.8 | 40.4 | 27.2, 28.2) 21.5 | 42.4 } 39.8 | 42.4 
Potassium nitrate........../ 39.8 | 29.5 | 27-5 | 385 | 39.4} 40.7) 33-5 | 31.8 | 25.4 | 34.8 } 40. 2 | 39-5 
Sulphuric acid. ......... 26.0 | 21.5 | 24.6 | 42.2 | 41.3 | 39.3 | 22.8 | 24.2 | 25.2 | 41.8 | 42.6] 38.8 
Ammonium chlorid..... 39.¢ | 32.0 | 23.7 | 46.3 | 41.3 | 42.6 30.6) 26.7 | 21.0] 39.5 !/ 42.3] 43.0 
Potassium hydroxid.... 22.0 | 23.3 | 29.9 | 44.1 | 41.8 | 42.6 | 25.0 24.8 | 23.0! 42.6 | 41.7) 42.7 
Ammonium nitrate........) 49.7 | 37.9 | 29.7 | 382 | 42.1 | 43.2 | 382 | 26.3 | 25.6! 34.3) 408! 42.7 
ere 24.5 43.6 23.5 44.3 %: 
SSR 24.7 43.8 24.5 | 41.8 
Sodium chlorid............' 24.2 | 275 | 30.0 | 44.0 | 4313 | 44.1 | 24.7 | 24.3 | 22.9 | 44.2! 41.9 | 42.5 
Calcium chlorid,...........| 33-8 | 33-5 | 31-5 | 42.0! 44.5 | 37-4 | 21.8 | 23.0] 24.0! 44.6] 43.3) 41.9 
Hydrochloric acid........ | 25-1 | 23.4 | 25-0 | 41.6 | 49 | 42.9 | 25.2 | 23.2] 23.5 | 42.7] 42.8] 43.7 
Potassium sulphate. ... 32.7 | 32.3 | 30.7 | 41.4! 41.5 | 41.9 | 27.5 | 25.5 23.0 | 42.7 | 42.3 41.6 
Magnesium nitrate ete 34-4 | 26.1 23.6] 40.3 | 42.1 | 45-4) 33-9 | 254) 21.3 | 37-2) 41-4] 42.6 
Magnesium chilorid,. «+| 347 | 98.2 | 972 | 41.4) 43-2 43.8 | 27.0} 29.0 | 24.4 | 43.8 | 43-5 | 382 
Nitric acid........... seve) G02 27.2 25.9 | 33.9 | 382 386) 35.01] 20.1 | 24.3 | 33-9! 377) 402 
sah ck ses vadcccanstunces Kah ccvesteucodal Gael. Ve lowe cache samen be | wadaaed 42.3 | 42.5 
Water ea eeipa wes 28.5 i 37.7 21.5 } 38.9 
Es kc Secxconeces 29. 6 40.7 21.7 | 39. 8 
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TABLE II.—Percentage of yellow-berry in wheat from plots to which chemicals wire applied 
at three stages of growth 


Series A. | Series B. 
Chemicals applied. : 
Stage r. | Stage 2. | Stage 3. | Stage r. | Stage 2. | Stage 3. 


SO eT ee a err ae 10.0 19 19. 4 | 7.2 5.1 | 17.7 
NE 5.5650 ctcdecce snes neavene 25.7 | 24.3 41.3 | 21.5 26. 2 | 20. 0 
SI oo hissed nidectégnvninncs 13. § 32) 15.0 | 9.7 5.2 | 22.6 
Ammonium sulphate...............sceeee 1g. 5 | 3.0 | 33.6 5-7 1.8 15.3 
RS es See ree ene 21.4 21.4 21.8 | 15.9 23.4 13.9 
ee 14.5 2.7 12.6 4.9 2.2 15.1 
Sulphuric acid. . PUAN Wiia-e¥ ius ON kine 32-3 | 28.8 42.7 | 21.9 29.1 14.7 
INN REED «oo. s.o.0.0005 000s sagatenwal 25.8 45 31.7 | 10.6 44 14.3 
WOCMNRE BYGIORAG,......2500c00scrcreeee0 26.8 24.3 | 20.8 9.9 8.3 17.6 
Ammonium nitrate. ..............00.0000s 12.4 3.1 11.7 | 4.1 3.1 4.8 
Pe or rere rr rer re 24.4 16. § 
ERR ES i CP i car 22.2 10, 2 
Sry ees, poe me | 31.2" 30.2 34.6 | 18. 5 9.9 15.0 
SN 5-5 sada 00.4 sianeevecans.s tes 31-5 35 24.0 12.1 12.0 12.6 
Hydrochloric acid...................6. ee 19. 2 26. 1 32. 4 | 8.1 5.5 10. 7 
Potato sulphate. .......cccccecoscesces 33.2 gL 24.8 13.3 15.8 15.2 
BEGMMODUNI MILTERE. 0... cs ccccccccsccovess 25.3 9.5 22.1 10. 3 5.6 13.7 
Magnesium chilorid...........cccccscescess 34.8 28.4 33.0 11.3 14.4 20. I 
Nitric acid........ NedrNd sauecnabaceubees e 12.1 4.2 14.7 | 37 1.8 8.9 
I te ae oe a ears Bae 1.0 nD Ree ee 0.3 12.9 
ick ce bekvanGarcavastcehas dew 34.1 | 17.0 
ya's user ceekas victeniowei wots 25.0 8.5 


TABLE III.—Weight per bushel and weight per 1,000 kernels of wheat from plois to which 
chemicals were applied at three stages of growth 





Series A. | Series B. 
Weight per Weight per 1,000 Weight per Weight per 1,000 
Chemicals applied. bushel. kernels. | bushel. kernels. 
| 
| Stage Stagel Stage} Stage Stage! Stage! Stage Stage Stage! Stage Stage Stage 
" 2. ie a ae i a ee ee 2. ae i * 2. 3. 
—— —" a om — a { a6 | | _— =. - ae 7 
| Lbs. | Lbs. | Lbs. | Gm. | Gm, | Gm. Lbs. | Lbs. | Lbs. | Gm.’ Gm. Gm. 
Sodium nitrate...... .. ...! 59.8 | 601 | 60. § 26.8 | 28.8 | 30.0 | 59: | 60.5 | 60.5 | 25.8 | 287 28.6 
Potassium chlorid.......... 60.1 | 60.4 60. 5 | 292 | 29.7 | 31-9 | 60.8 | 61.2 | 61.2 | 28.1 28.9 | 29.1 
Calcium nitrate............ | 59-0 | 59.8 | 61.1 | 27.3 | 27.9 | 30.0 | 60.5 | 60.5 | 61.5 | 26.4, 27.9! 30.6 
Ammonium sulphate.......| 60.1 | 60.5 | 59.8 | 26.6 | 28.1 | 29. 7 | 60.5 | 60.8 | 60.5 | 280) 283 30. § 
Sodium hydroxid ix coulis 60. 8 | 61.5 | 60.8 | 28.4 28.7 | 28.2 60.8 | 60.8 | 61.2 | 29.6 29.2 28.2 
Potassium nitrate.......... 60.5 | 60.5 | 60.8 | 28.6 | 29.1 | 29.2 | 60.5 | 60.5 | 61.9 | 27.0. 27.5 28.1 
Sulphuric acid. ............ 61.1 | 61.4 | 60..5 , 28.6 | 28.6 | 27.5 , 61.2 | 61.2 | 60.2 | 28.5 | 28.6, 28.0 
Ammonium chlorid........ 60.6 | 61.1 | 61.1 | 28.3 | 28.3 | 27.7 | 60.2 | 58.6 | 61.9 | 28.2 | 27.4 27.6 
Potassium hydroxid ....... 61.5 | 61.9 | Ox. x | 28.2] 28.3 | 29.0 | 61.9 | 61.2 | 61.2 | 29.1 | 28.9 28.0 
Ammonium nitrate. .......) 60.8 | 61.1 | 62.6 27.5 | 28.5 | 30.7 | 60.5 | 60.5 | 61.2 | 27.6 | 26.4 28. 7 
Mivacnkee tease ees | 61.1 28.3 61.9 29. 7 
Be eee. 61.5 27.3 61.2 27.6 
Sodium chlorid. ........... 60.8 | 60.8 | 6x. | 27.1 | 27.4 | 27.8 61.2 | 61.2 | 61.9 | 29.1 | 28.6| Big 
Calcium chlorid............! 61.9 | 61.9 | 61.1 | 28.9 | 29.3 | 28.6 | 61.9 | 63.2 61.5 | 28.5 | 29.7 | 205 
Hydrochloric acid.......... | 61.1 | 61.9 | 61.9 | 27.5 | 29.7 | 27.2 | 61.5 | 61.9 60.5 | 29.2 | 30.1 | 29-1 
— sulphate. ..... .| 61.9 | 615 | 2 29. 5 #73 | 29. 3 ~ 2 | _. 61.5 | 29.3 | 29.2 | 29.2 
agnesium nitrate......... 61.1 | 61.9 1.9 | 27.7) 28 28.1 »§ | 60.8 61.9 | 285 | 282) a2 
Magnesium chlorid......... 61.5 | 61.9 | 60. 8 29. 4| 29.3 | 29.0! 61.5 | 61.2 | 62.9 | 28. 7/1295] 301 
eS * ee 60.5 | 61.5 | 61.5 | 25.9 | 27.1 | 27.8 | 60.5 | 60.8 | 61.9 | 25.9 | 287] 301 
Rocca kcctutanipetnec ales ae ee ee 30.1 | 30.1 60.8 62.2 ]...... 29.3 | 30. § 
Water....... ew el 60. 5 | 28.7 61. 5 | 28.7 
RINE Sonn kkonwnedaa 61.4 28.0 61.2 | 28. 5 
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TABLE I1V.—Correlation between protein content and weight per bushel and weight per 
1,000 kernels of wheat 


Weight | Weight 





Place of growth. | Variety. Year. or | per1,coo| per 

se aeetee kernels. | bushel. 

Per cent.| Gm. Pounds. 
Pe itn pean cate esau bqneenvenanens CN iv vicxiives 1907 22.2 at. 3 | $1.3 
., SOPRA EES re = Pee Re RE &¢ Jp)? Miia diexcakea 1907 22.2 20. § | 51.3 
Raw et oc¥k se cwdveviowesaewce eer ecccdsetege es , RS ee er 1908 14.8 | 28. 4 | 58.1 
Beints bines¥ Revap ihren d cbbRis ident nuwewetuneiee OG cxta dadunpas 1908 14.7 28.8 58.2 
pe ee eet ae eee Kubanka 1907 9.1 39. 1 | 61.5 
GA Wed v Tec Puglan Gs ca Va weUateetaatest Retin eee 1907 9.9 4%. 4 | 62.0 
DI oh a vvndbuwsnscon'svetes Boneh eteucseuledset do 1908 15.2 36.3 | 59.4 
| NAR Se Boer ree ee do 1908 14.7 44.8 | 61.2 
ee ee ee ae eee do 1907 13.9 37-9 | 63.0 
MGA chev ddcartootsse¥betaneebencnenutanees MOGs vevwove’ 1907 12.9 39. 4 | 63.7 
BOW o's idee ccbateWevcsesddsccdeckenubseane’ ere ee 1908 16. 6 24.9 57.8 


RA Ie his Sm eee eee JoeB. .0e. goveus 1908 16. 5 29.8 | 60. 2 


TABLE V.—Percentage of protein and phosphoric acid in grain from plots to which 
chemicals were applied at three stages of growth 


- 
| Series A. Series B. 
| 


Protein | Phosphoric acid Protein Phosphoric acid 
(NXs5.7). (P20s). (NXs5.7). (P:0)). 


Chemicals applied. 





! ‘ j | 
Stage) Stage Stage} Stage| Stage] Stage Stage Stage Stage! Stage) Stage) Stage 
am | & 3. % | &% 3. I. Ze 3. 1 2. 3- 


| ee + 


Sodium nitrate............. 








14.1 | 14.7 | 15.3 | 1.04 | 1.03 | 1.18 | 15.9 16.6 , 14.8 | 0.84 | 0.99 I. 03 
Potassium chlorid.......... 13.2 | 13.1 | 12.6} 1.15 | 1.24 | 1.02 | 13.6 | 13.2 | 13.3 | 1.16) 1.14] 1.95 
ee Ae 14.4 | 14.2 | 1.00| 10 | 1.15 | 145] 15.9 14.3) -92| 1-03! £07 
Ammonium sulphate...... 13.5 | 145 | 12.8! 1.00 | 1.05 | 1.14 | 144/ 15.6 14.0, .81] .98) 1.07 
Sodium hydroxid.......... 12.3 | 12.4  12.8)/ 1.13 | 1.05 | 1.18 | 13.4 | 13-3 | 13-1] 197 | 1.10| 41.14 
Potassium nitrate.......... 13-2 | 147 | 145 | 1-02] .98| 1.12 /| 15.0) 16.9 13.5 | .87 | I-12 1. 13 
Sulphuric acid............. | 32. 4|12.5| 123) 112] 2.14! rar | 13.2] 13.2!) 129/113] 14) 21.96 
Ammonium chlorid........ | 12.4 | 13.9 | 13.0] .98 1.04 | 1.16 | 14.0] 144 | 13.7 | 1.05 | 1.07 | 1.12 
Potassium hydroxid.......| 12.4 | 12.7 | 13.2 | 1.20 | 1.18 | 1.18 | 13.3 | 13.3 | 13.0 | 1.14] 1.19 | 1.13 
Ammonium nitrate........ 13.8 | 13.2 | 14.8] 1.15 } 1.09 | 1.15 | 13.8 | 16.6) 14.0} .99| 1.06) 1.17 
GEBP. ce cccvenes oer 12.2 1.17 13.2 | 1.13 
AE 12. § 1. 18 13.3 1.19 
Sodium chlorid............ 12.9 | 13-0 | 12.§ | 1.14 | 1.20 | 1.20 | 13.3 | 13-3 | 13-3 | 1.16) 1.13 | 14S 
Calcium chlorid............ 12.5 | 12.7 | 12.9| 1.16 | 1.19] 1.18 | 13.4) 13.7 | 13.9] 014) 1.16) 1.19 
Hydrochloric acid.......... 13.0 | 12.8 | 12.5 | r.18 | 1.18] t.25 | 13.5 | 13.3 | 13.2 | 1.15 | 1.13 | 1.20 
Potassium sulphate........ 12.5 | 12.4 | 13-0 | 1.15 | 1.19 | 1.ar | 13.8 | 13.0 | 13.5 | 1.15 | 1.09 | 1.16 
Magnesium nitrate.........| 13.0 | 14.2 | 14.1 | 1.04 | 1.03 1.17 | 13.3 144 13.9] 1.05! .99! 1.08 
Magnesium chlorid......... 12.9 | 13.2 12.9 | 1.15 | 1.18 | 1.14 | 13.8 | 13.6 | 13.2 | 1.08 | 112 1.11 
/ - er. 13.7 | 15.4] 146] .98| .98 1.06 | 15.2 | 167/144)! -94| -97| 1.10 
[ AES |< caer ee ee 3.20 | 1.90 |...... SS | SEB cosow | 1.07 1. 06 
WMericcccvccssccese 12. 5 } I. 11 | 12.9 1.18 
i a ee 12.6 | I. 10 | 13.6 I. 12 
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TABLE VI.—Percentage of protein and phosphoric acid and straw from plots to which 
chemicals were applied at three umatd nd een 





























Series A. | Series B. 
Protein | Phesphocie acid | Protein Phosphoric acid 
Chemicals applied. (NX6. a5). } (P103). | (NX6. 25). (P20s). 
-| 
“1 
‘Stage Stage Stage Sti gl Stage a Stage) Stage Stage Stage Stage ‘Stage 
| ° | . } @ | 3 
a EEE | aad — | eal = | a 
| | “| i | ' | 
Sodium nitrate............. | 3.27 | 345 | 2.84 | | 018 017] 019 | 3.98 | 4.06 | 3.74 | O12 | 0.15 | O17 
Potassium chlorid.......... | 2.51 | 2.84 | 2.49 23 24| .19| 3-45 | 3-26| 3.04] .24| .25| .24 
Calcium nitrate............ | 2.91 | 3.78 | 3.09 | 1s} .20| .25|3-99| 441 | 3.32 | .16 | 20 | -at 
Ammonium sulphate ...... $98 |: HOF | 3:96 ]......Jecceee Di dena 3-12 | 3.59 | 373 | -12) -15| +24 
Sodium hydroxid.......... | 2.92 | 3-35 | -29| .26] .27 | 3.312 | 2.977 | 2.97 24| .2z| .20 
Potassium nitrate. . .| 3-06 | 420] 3.51 | .20| .2% .22 | 3.90 | 4.07 3.05 | .18| .19| .20 
Sulphuric acid.......... .| 72 | 3-06) 3.21] .23 | .26] .32 | 3.34 | 2.64 | 3.05 | .25] «19 -19 
Ammonium chlorid | | 3.61 | 2.93 | .20 ao | .23 | 3.60} 3.59 | 3.26 | .18| .18 | +20 
Potassium hydroxid | 2.92 | 25x | 2.66) .23 a2| .23 | 2.97 | 3.25 | 3.25 | .22 a2| .2ar 
Ammonium nitrate........ 2.92 | 3.65 | 3.99 17 19} .19 | 3-53 | 4-43 | 3-33 | -16! .20| «a2 
ies as: sisnieieees | 2. 50 a 19 2. 51 -14 
GI vssocessccanses 2.71 a1 2. 63 -22 
Sodium chlorid ............ | 2.42 | 2.62 | 2.68 ar! .20; .a1 | 2.68 | 2.85 | 2.86; .23 | .a1!/ «22 
Calcium chlorid............ 2.49 | 2.0% ] 48) .19| «ar | .2t | 304 | 2.76 | 2.63 | .24| .18] 20 
Hydrochloric acid 2.89 | 2.49 | 2.75 | .2% ar) .19 | 2.97 2.86 | 3.04 | .23! .18| .26 
Potassium sulphate veweaeee 2.63 | 2.83 | 2.49| .20/| .25 | .26 | 2.63 | 2.64 | 2.86 16} .19 +25 
Magnesium nitrate 2.83 | 3.31 | 2.81 | 16| .17| .18| 3.12 | 3.45 | 2.84 19| .16] 39 
Magnesium chlorid 2.48 | 2.47 | 2.55 ax | .a2/ .20 | 2.65 | 3.03 | 3.32 16! .20| .24 
OTIC OG, 0... cccccsveves 3.02 455 | 3-36) .15 +20 | «at | 3.60 | 3.47 | 3.35 -17 20 | a1 
[ERIC RIEAR, (appt 3-99 | 3-03 |..... .20] . | 118] a3 
. See 2. 82 | 24 - 23 
EE os iicessceccare 2. 83 | .22 - 28 
! 





TaBLE VII.—Lack b of correlation between nitrogen and phosphoric acid content of wheat 
grown in Arlington on plo!» to which various chemicals were applied 


| 


| | { 1 
| sl een? 4 eo Phos 
. sis : | Stageof | Protein | phoric . . | Stage of rotein | phoric 
Chemicals applied. | growth. (NXs.7).| saa | Chernicals applied. | growth. | (NXs5.7). | acid 
| | (x08). | ase Se 
———$___—________| -|—_———_|__—— a ee 
} | Per cent. | Per cent. | | Per cent. | Per cent. 
Sodium nitrate ....! a] 16. 4 I. 02 || Magnesium sulphate! 3 | 11.3 | 0. 98 
Potassium nitrate. ‘| 1 | 17.0 1. O1 | Potassium chlorid. | 2 | II. 45 1. 03 
Ammonium chlorid| 1] 17-5 | OS ee ELON ARE | 3 109 | 1. 00 
Ammonium nitrate | 1 | 16. 4 | 1. 03 | I catetusa chlorid. . 3 | 11.7 | 1.01 
Dccisanserst a | 16.9 | 1.02 || Potassium sulphate z| 1%%8 | 1.03 








een VIII.—Percentage of ash and silica in straw from plots to which chemicals were 
mae at three auagee of — 





























| Series A. | Series B. 
rates | | ran 
Chemicals applied. Ash. | Silica. | Ash. | Silica. 
Stage} Stage Stage Stage! Stage! ‘Stage| Stay pon | Stage! Stage! Stage] Stage! Stage 
I. 2. $ | s | a 3 | 1 2. | 3. | % 2. 3. 

— teases! Sica aici eS Hn ma | 7 | 
Sodium nitrate............. 1r%.0] 11.3 | 14.0, 8&2} 80] 10.8 11.2! t2.9 | 12.2 | 61} 73) 86 
Potassium chlorid.......... 13.1 | 12.0] 11.7| 107/| 9.0] 93 | 12.2 | 12.0 119} 8&8] 88) 86 
Calcium nitrate............ 10.0} 11.8] 12.8] 5.8] 7.3 | 90] Ito | 22.3 | 29 | 67} 65; 84 
Ammonium sulphate....... 9.42 | 9.60) 11.3] 55] 5.6) 8o/ tn] Ir2 } 11.5] 72| 70 8.3 
Sodium hydroxid.......... 12.5 | 12.8/ 13.2] 89] 9.6! 102] 14.3 | 12.5 12.8/ 105] 89 | 9.3 
Potassium nitrate.......... 1r.r | 2x.8] 11.8] &2] 79] 8&3 11.9 | 12.3 | 11.9 ; oe 7.2) &&s 
Sulphuric acid. weeese] 130] 13-71 13.6] 9.9] 10.6| 10.6| 12.2 | 13.3] 11.2] 9.0] 10.0 7.8 
Ammonium chlorid. . Saewig aad Irnr] iar} 128!) 79) 78) 99] ILO | 10.8 | 12.2 7.5 79; 9.0 
Potassium hydroxid.......| 14.0 | 12.1 | 12.3 |} 1.0] 9.2, 92 | 11.8 | 11.3 | 108] 86] 8&3 7-9 
Ammonium nitrate........ | 10.7 | 12.6) 17.6] 7.3 9.3 8&4! 106] 107 | 13.0 7.3 7.2 9.7 

_ Sees 12.7 | 9-7 11.4 H 8.0 

RS on isd o'xxsin weld 12.1 | 9.0 | 12.0 | 8.7 
Sodium chlorid............. 12.3 | 11-4| 12.6] 91 | 86 | 9.3 | 12.6/13.7| 119] 92]103/ 88 
Calcium chlorid............ 12.5 | 12.1 | 12.8| 9.4] 92| 104] 12.9] 12.0] 12.4] 97] 90] 10% 
Hydrochloric acid.......... 12.1 | 11.6] 11.6] 9.2 8&9 | 88] 122 | 12.9/| 14.3 | 90 9.5 | 10.9 
Potassium sulphate........ 12.3 | 12.3 13-4] 93 | 92] 103 | 13.3 | 12.8 | 13.5] 9.2) 98]! 103 
Magnesium nitrate......... 10.0] 11-7) 123%] 7.6) 8&5 | 90] IL9 | 12.8 | 13.2] 8&8 | 9.7 | 9.8 
Magnesium chlorid......... 12.8 | 12.3 | 13.2] 98] 9.2 | 101 | 12.0] 13.2 | 12.3] 9.0] 100 | 9.6 
Nitric acid.......... a ree 10.3 | 109/108] 7.0! 7.4| 75 | 10.3 | 11.2 | 11.6] 68] 79! 8&7 
| | EES GRRE: Sane PSS) BD laces et OR vera ED eae 1 78] 8&3 

ne 11.9 | 8.9 | 12.0 | 8.7 

a errr: 12.1 | 9.1 | 12.1 9.1 
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RESULTS OF EXPERIMENTAL WORK 


TOTAL YIELD AND PERCENTAGE OF GRAIN 


The total yield represents the weights of the crops obtained immedi- 
ately after they were harvested. The crops were harvested when fully 
ripe and after a continued dry period. The percentages of grain were 
determined in the samples, ranging from 114 pounds to 2 pounds in weight, 
brought to Washington. 

As seen from Table I, the plots which had received nitrogen in any form 
in the first stage gave distinctly higher yields, both as compared with the 
plots which had received no nitrogen and as compared with those which 
had received it in the other two stages. The application of the first 
stage was made later in the season than had been planned, and subse- 
quent experiments have shown that the effectiveness of nitrogen with 
respect to increased yields diminishes as the season advances toward the 
completion of the vegetative stage. On the other hand, as a result of 
the lack of uniformity in transition from stage to stage, at the time of 
the second-stage application part of the crops on each plot were still in 
the first stage. This probably accounts for the fact that the plots which 
had received their nitrogen in the second stage as a rule gave higher 
results than those which received it in the third stage. 

The percentages of grain in the crops (Table I) were somewhat lower 
on the plots which had received nitrogen in the first stage than on the 
others. However, the lower range in the percentages of grain would 
not materially alter the grain relationship of the crops. The figuresrep- 
resenting the total yields, therefore, are expressive of the relative yields 
of grain as well. 


PERCENTAGE OF YELIOW-BERRY 


The result of the lack of original uniformity in the plots, especially 
in those of series B, is most evident in the yellow-berry figures. Never- 
theless, the fundamental principle that the application of nitrogen at 
the second stage is most effective in preventing yellow-berry was borne 
out very consistently. The percentage of yellow-berry is the lowest on 
the plots which received their nitrogen at the second stage. A marked 
decrease in yellow-berry is also shown by the crops which received their 
nitrogen in the first stage. This probably is due to the fact that the 
crops did not respond fully in yield because of a late application, and 
part of the nitrogen, applied at this stage and not utilized, remained in 
the soil during the second stage. 

In some cases a somewhat decreased percentage of yellow-berry is 
shown by the crops which received their nitrogen in the third stage. 
This probably is due to the lack of uniformity in transition from one 
stage to another. At the time when most of the heads were in the milk 
stage, some of them had not yet reached this stage. 

No conclusion can be drawn as to the effects of the direct and residual 
physiological acids and alkalies and their neutral salts, owing to the 
general lack of uniformity in the plots, which resulted in a too wide 
range of normal variation as indicated by control plots in both series, 
but especially in series B. Taking into consideration the fact that the 


5 Davipson, Jehiel. THE EFFECT OF NITRATES APPLIED AT DIFFERENT STAGES OF GROWTH ON THE 
YIELD, COMPOSITION, AND QUALITY OF WHEAT. /n Jour. Amer. Soc. Agron., Vv. 14, No. 4, P. 118-122. 1922 
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effect of nitrogen in preventing yellow-berry was shown clearly in spite 
of all the disturbing factors, one would be justified in assuming that the 
effect of these chemical groups was inconsiderable, if any. This would 
seem to settle the practical question as to the possibility of preventing 
the characteristic coloration of the grain associated with yellow-berry 
by means other than nitrogen. However, the theoretical question as to 
the nature of the coloration of flinty grain and of that affected with 
yellow-berry remains unsettled. It is still possible that the coloration 
is an indicator reaction in response to physiological alkalinity and acidity. 
All the ammonium salts probably underwent nitrification before they 
were assimilated by the plants. ‘Their effect, therefore, would be the 
same as that of nitrates. It is possible also that the brown color of the 
flinty kernels is caused by the action of the alkaline amino groups which 
might increase with the general increase in the nitrogen content on the 
hypothetical natural indicator present in the hull. 


WEIGHT PER BUSHEL AND WEIGHT PER 1,000 KERNELS 


No correlation can be observed between the different treatments, 
which resulted in different nitrogen contents, and the weight per bushel 
and the weight per 1,000 kernels (Table III). Taking the plots in groups 
of three for each of the nitrogen carriers, it would seem that those which 
had received their nitrogen in the first stage gave a somewhat lower 
weight per 1,000 kernels than those which had received it in the second 
and the third stages. The first stage, however, is not the one which gave 
the highest protein contents. These results, as well as those obtained in 
Kentucky,® fail to disclose any direct relation between the protein 
content and the weight per bushel and, especially, the weight per 1,000 
kernels. Cases are on record, however, in which such a correlation has 
been reported. Table IV, compiled from data reported in Bulletin 128 
of the Bureau of Chemistry, United States Department of Agriculture,’ 
will serve as an illustration. This table shows a reverse correlation 
between the nitrogen content and the weight per 1,000 kernels and weight 
per bushel for Kansas and South Dakota, but no correlation for Cali- 
fornia, as was the case in the experiments here reported. 

What is the explanation of these seemingly contradictory results? 
Within the limits of the bureau’s experiments, it has been established 
that the presence of nitrogen at the time of heading is conducive to a 
high nitrogen content. The conditions of these experiments would 
suggest the distinction between a physical and physiological abundance 
of available nitrogen in the soil. The term “physiological abundance” 
is used to signify a condition in which the crop, being depressed in its 
development, is kept from drawing upon the store of available nitrogen 
in the soil to the full normal extent. Any environmental conditions 
which depress the normal development of the crop cause a physiological 
abundance of available nitrogen. Under such circumstances, the factors 
which are responsible for the abundance of available nitrogen are re- 
sponsible also for the subnormal development of the grain. Hence, the 
coincidertce of a high protein content and a low weight per 1,000 kernels 
and a low weight per bushel. In these experiments, the abundance of 


6 Davinson, J., and LECLERC, J. A. op. CIT. 


7 LECLERC, J. A. TRI-LOCAL EXPERIMENTS ON THE INFLUENCE OF ENVIRONMENT ON THE COMPOSITION 
OF WHEAT. U.S. Dept. Agr. Bur, Chem. Bul. 128, 18 p. _rgro. 
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available nitrogen at the time of heading was distinctly physical, which 
may be the reason why no such correlation was found. It would seem, 
therefore, that there is no direct correlation between the protein content 
and the weight per 1,000 kernels and the weight per bushel of wheat. 


PROTEIN CONTENT ° 


The results reported in Table V show that the application of nitrogen 
at the second stage gave the highest nitrogen contents. Although series 
A proved to be somewhat irregular, of the nine nitrogen carriers used 
six were consistent with the general tendency. Series B was wholly 
consistent. ‘The irregularities, as well as the fact that increased nitrogen 
contents were obtained from the first and third application, can be 
explained in the same way as the irregularities with reference to yellow- 
berry. ‘The increased nitrogen content, which resulted from the first 
stage application, was due to the fact that not all the nitrogen was used 
up during the first stage. The increased nitrogen content resulting from 
the third stage application can be explained by the lack of uniformity in 
transition from one stage to another, already discussed. The same 
causes are responsible for the fact that the increases in nitrogen obtained 
from second stage applications are not as sharp as they were in the 
bureau’s previous experiment. While the first application showed an 
increase in nitrogen, due to the fact that not all the applied nitrogen had 
been utilized during the first stage, the nitrogen content from the plots 
which received their nitrogen at the second stage did not reach its proper 
height, for the reason that part of the nitrogen of this application was 
utilized in making vegetative growth as was shown by the increased 
yields from these plots. 

The nitrogen content of the straw (Table VI) shows the same tenden- 
cies as that of the grain. 


PHOSPHORIC*ACID CONTENT 


Headden'® found that the application of sodium nitrate to wheat 
plots caused a depression in the phosphoric-acid content of the grain. 
In the bureau’s previous experiment,'' where sodium nitrate had been 
applied on a number of plots at the three stages of growth, no correla- 
tion between the application of nitrogen and the phosphoric-acid content 
was disclosed. In the present experiment, however, a correlation is 
observed between the application of nitrogen and the phosphoric-acid 
content, both in the grain and in the straw. As seen from Table V, the 
phosphoric-acid content in the grain from the plots which received their 
nitrogen in the first and second stages is consistently lower than that in 
the grain from the plots which received it at the third stage and the 
controls which, in this case, may include all the plots which received 
chemicals other than nitrogen carriers. The only exceptions are the 

8 It is understood that the term “protein” represents values obtained by multiplying the nitrogen con- 
tent, determined in the regular way, by certain factors. These factors vary with the substance analyzed. 
In this paper the factors used were 5.7 for the grain and 6.25 forthe straw. It has been the general practice 
in agricultural literature to express the nitrogen values in terms of protein. This practice has been estab- 
lished because of the fact that the main bulk of the nitrogen in mature plant substance is protein in charac- 
ter and because of the accepted food value associated with proteins. 

® Davinson, J., and LECiERC, J. A. op. cit. 

10 HEADDEN, W. P. A STUDY OF COLORADO WHEAT, PART mI. Colo. Agr. Exp. Sta. Bul. 219, 131 p. 


1916. 
't Davinson, J., and LeCiurc, J. A. op. cit. 
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ammonium-nitrate plots in series A and the ammonia plots in both 
series. ‘There would seem to be a tendency toward a greater depression 
in the plots of the first application. This tendency shows itself more 
clearly in series B. 

On the other hand, results obtained on the Arlington Farm, in an ex- 
periment carried out on lines similar to these, again failed to disclose any 
correlation between the application of nitrogen and the phosphoric-acid 
content (Table VII). 

It would seem, therefore, that there are conditions under which the 
application of nitrogen causes a depression in the phosphoric-acid content 
of the crop and that under other conditions the application of this element 
has no effect on the phosphoric acid content. What factors are involved 
in these seemingly contradictory tendencies ? 

Of the four cases cited here it happens that the two (Colorado and 
Nebraska), which show a correlation between the application of nitrogen 
and the phosphoric-acid content, deal with hard winter wheats and the 
other two (Kentucky and Arlington Farm), which show no such correla- 
tion, deal with soft winter wheats. This would suggest the possibility 
that these two groups react differently toward an abundance of available 
nitrogen. The underlying principle then would be, in the case of the 
hard winter wheats, some interchange between phosphorus and nitrogen, 
based on the similarity of their functions. The depressed phosphoric-acid 
content would be directly correlated with the high protein content. 
This assumption, however, does not seem to be borne out by the results 
in Table V. In those cases where the third application of nitrogen 
resulted in a high protein content, especially in series A, no depression in 
the phosphoric-acid content can be observed. 

Another possible factor accounting for the different effects of applied 
nitrogen on the phosphoric-acid content is the supply of available phos- 
phoric acid in the soil. It may be assumed, then, that when the supply 
of available phosphorus is limited the stimulation of growth, caused by 
the application of nitrogen, creates a physiological scarcity of this element. 
This assumption would seem to be borne out, in a general way, by the 
results here obtained. The application of nitrogen at the first two 
stages which resulted in increased yields also caused a depression in the 
phosphoric-acid content. There is also an apparent tendency toward a 
greater depression resulting from the first application, which produced 
the highest yields. ‘This assumption, however, would not seem to be 
borne out by Headden’s results. In his experiments the application of 
sodium nitrate did not cause an appreciable increase in yield, if any. 
Nevertheless, it produced consistent depressions in the phosphoric-acid 
content. 

It is clear that under certain conditions the presence of nitrogen inter- 
feres with the assimilation of phosphoric acid by the plant. It is not 
unlikely that this interference is indirect. Under certain conditions the 
nitrogen may be instrumental, through its action on the soil flora, in 
transforming the available phosphoric acid into less available forms. 

The phosphoric acid in the straw follows the same tendency as that in 
the grain (Table VI). 

The ash and potash contents of the grain were also determined, but as 
the results failed to disclose any consistent tendencies they are not given. 
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ASH AND SILICA CONTENT IN THE STRAW 


As seen from Table VIII, the application of nitrogen at the first and 
second stages caused a distinct depression in the ash and silica content 
of the straw. 

A depression in the silica content of the straw, caused by the appli- 
cation of sodium nitrate, was also observed by Headden.” In his case 
the depression was slight. In the bureau’s experiments the difference 
between the first two stages and the third stage, for each nitrogen 
carrier, was always more than 1 per cent. The third stage plots, not 
being affected by the application of nitrogen with reference to the silica 
content of the straw, may be considered as controls. The sharper 
differences are due probably to the exceptionally high silica content of 
the straw in this experiment. Ammonia is the exception. It did not 
depress the silica coutent in either series. Attention is called to the fact 
that the same chemical also failed to produce a depression in the phos- 
phoric-acid content of the grain. The relationship between the phos- 
phoric-acid depression and the depression of silica in the straw is further 
accentuated by the fact that ammonium nitrate, which failed to depress 
the phosphoric acid in the grain from the second stage plot in series A, 
also failed to depress the silica content of the straw from the same plot. 
No explanation of the theoretical principles involved in depression of 
silica can be offered at present. 

As to the bearing of this depressed silica content in the straw on 
lodging, frequently caused by the application of nitrogen, it is hard to 
draw conclusions from the present experiment. No lodging was observed 
on any of the experimental plots. It is possible that as the silica content 
of the straw in this experiment was exceptionally high, even the depressed 
silica content was sufficient to sustain the strength of the stalk. It is 
probable also that the depressed silica content is only one of the factors 
which cause lodging, or it may be no factor but only coincident with the 
real factors resulting from the application of nitrogen, which, under 
certain conditions, cause lodging of the crop. 


SUMMARY 


(1) The application of nitrogen in any of the inorganic forms used 
at the early stages of growth was instrumental in producing the highest 
yields of wheat. 

(2) The application of nitrogen in any of the inorganic forms used at 
the time of heading was instrumental in producing the best quality of 
grain with reference to “yellow-berry”’ and the protein content. It also 
produced a high protein content in the straw. 

(3) No relation between the nitrogen content and the weight per 1,000 
kernels and weight per bushel of wheat was disclosed in this experiment. 
The apparent disagreement between these results and the results of other 
experiments, which establish a relation between these two factors, is 
explained by the distinction between a physical abundance and a phys- 
iological abundance of nitrogen created by the failure of the crop to 
develop normally. 

(4) No differences could be observed in the effect of the different 
forms of inorganic nitrogen. 


 Headden, W. P. op. cir. 
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(5) No effect was produced by the chemicals, other than the nitrogen 
carriers, on the yield of the crop or on the quality of the grain. 

(6) The application of nitrogen at the first two stages caused a de- 
pression of the phosphoric-acid content in the grain, as well as in the 
straw. In the light of these results, this depression could not be con- 
sidered either as a yield relation nor as a reciprocal relation of the two 
elements in the plant tissues, based on similarity of function. 

(7) The application of nitrogen, at the first two stages of growth, 
caused a marked depression of the ash and silica content in the straw. 





Se 


VO 


Ww. 





POISONOUS PROPERTIES OF BIKUKULLA CUCULLA- 
RIA (DUTCHMAN’S-BREECHES) AND B. CANADENSIS 
(SQUIRREL-CORN)! 


By O. F. Biack, Chemical Biologist, W. W. EGGLESTON, Assistant Botanist, and J. W. 
KELLY, Chemical Laboratorian, Office of Drug, Poisonous, and Oil Plant Investigations, 
Bureau of Plant Industry, United States Department of Agriculture, and H. C. 
TURNER, Assistant Animal Husbandman, Virginia Agricultural Experiment Station 


INTRODUCTION 


Since the time of the early settlements in the mountains of Virginia 
frequent fatal cases of poisoning have occurred among cattle grazing in 
the mountain pastures in early spring. It has long been believed that 
certain early spring plants popularly known as “staggerweeds’’ have 
been the cause of these fatalities, since these plants are among the first 
to appear in the pastures and are often eaten by cattle when other forage 
is not abundant. Suspicion has chiefly centered upon the plants com- 
monly called larkspur (Delphiniwm tricorne Michx.), dutchman’s-breeches 
(Bikukulla cucullaria (U.) Millsp.), squirrel-corn (B. canadensis (Goldie) 
Millsp.), and wild bleeding heart (B. eximia (Ker) Millsp.). In the 
literature relating to poisonous plants the toxic character of D. tricorne 
has long been recognized, but the American species of Bikukulla appear 
to have received comparatively little attention from chemists and prac- 
tically none from toxicologists. 

The probable poisonous character of species of Bikukulla was first 
brought to the attention of the Department of Agriculture in June, 1920, 
by Prof. H. S. Stahl, of the Virginia Polytechnic Institute. He sub- 
mitted specimens of ‘“‘little staggerweed,’’ later identified as Bikukulla 
cucullaria, with the statement that this plant was believed to be respon- 
sible for the recent death of a number of cattle in the mountain pastures 
of Bland County, Va. An extract of the plant prepared in the laboratory 
was found to be highly toxic, and in order to secure material for further 
study a representative of the department visited the locality where the 
cases of poisoning had occurred. At the request of Dr. A. W. Drinkard, 
jr., Director of the Virginia Agricultural Experiment Station, arrange- 
ments were made to conduct some cooperative experiments with a view 
to determine by feeding tests the effect upon cattle of the plant material 
collected for chemical examination. 

As a result of these investigations Bikukulla cucullaria has been shown 
to contain a poisonous alkaloid heretofore unrecognized, and the toxicity 
of this plant for cattle has been demonstrated. Poisonous alkaloids 
have also been found in B. canadensis, but this species is much less toxic 
than B. cucullaria and apparently is not likely to cause any damage to 
cattle. 





? Accepted for publication Sept. 13, 1921. The plants referred to in the title are also known in bo- 
tanical literature under the following genus names: Dicentra, Bicuculla, Dielytra, Diclytra, Corydalis, 
Fumaria, and others. 
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SYSTEMATIC POSITION OF “LITTLE STAGGERWEEDS”’ 
BIKUKULLA 


Perennial and smooth herbs with basal ternately compound, dissected 
delicate leaves; watery juice; horizontal rootstocks and scapose, race- 
mose, nodding inflorescence. Flowers flattened, either deciduous or 
withering persistent. Pedicels 2-bracted. Sepals 2, scalelike. Petals 
4, the two outer spurred at base, loosely united; the two inner pair 
narrower, and their callous-crested tips united over the stigmas. Sta- 
mens 6, in two groups opposite the outer petals, hypogynous; their fila- 
ments often united; middle anthers of each set 2-celled, the lateral ones 
1-celled. Pod 10 to 20 seeds, seeds crested. 

A genus of about 13 species, ranging across North America to Eastern 
Asia. Six species are known on the Pacific slope of America and 3 on 
the Atlantic watershed. 

The bleeding heart (Bikukulla spectabilis (L.) Coville) of the gardens 
is an Asiatic species. 


KEY TO ATLANTIC SPECIES 


Racemes simple; rootstocks tuber-bearing. 
Rootstocks long, with scattered cornlike, yellow tubers; flowers cordate; spurs 
rounded; inner petals conspicuously crested.............. 1. B. canadensis. 
Rootstocks much shortened; tubers gathered in a scaly, granulated bulb, white, 
becoming pink and dark red; flowers sagittate; spurs spreading, elongated; 
INNOT PSUS MUNULCLY CHESTER... sp cecse renee rece ncavescnede B. cucullaria, 
Racemes compound; rootstocks scaly, not tuber-bearing.............. 3. B. eximia. 


1. Bikukulla canadensis (Goldie) Millsp. Squirrel-corn. Turkey- 
corn. ‘Turkey-pea. Little blue stagger. Trembling stagger. Stagger- 
weed. Colicweed. Wild hyacinth. 

Foliage bright green; scapes erect 6 to 12 inches high, overtopping 
the leaves; flowers greenish white, tinged with pink. On vegetable 
mold in woods. April and May. Nova Scotia, Ontario, Minnesota, 
Missouri, and south along the mountains to North Carolina and Tennessee. 
In Virginia it occurs abundantly on northern slopes in the Alleghany 
Mountains and often in the Blue Ridge. 

It rises to 4,500 feet altitude on White Top Mountain, although it 
seems most at home in the neighborhood of 3,000 feet. Gorge of the 
Potomac above Washington. Rare. 

2. Bikukulla cucullaria (L.) Millsp. Dutchman’s-breeches. Little 
blue stagger. Trembling stagger. Staggerweed. Colicweed. Soldier’s- 
cap. Whitehearts. Indian boy-and-girls. Butterfly banners, etc. 

Foliage often glaucescent; scapes 6 to 12 inches high, usually overtopped 
by the leaves; flowers white with yellowish tips. April and May. 

On vegetable mold in the woods. Growing in Virginia with Bikukulla 
canadensis and Delphinium tricorne but usually preferring better drained 
soil than the former. Nova Scotia, Ontario, Minnesota, Nebraska, 
Kansas, and Missouri, and south in the mountains to Alabama. Common 
on the northern slopes of the Alleghany Mountains and often in the 
Blue Ridge, being more abundant around 3,000 feet altitude and rising 
on White Top Mountain to about 4,500 feet. Gorge of the Potomac 
above Washington. 

3. Bikukulla eximia (Ker) Millsp. Wild bleeding heart.) Stagger- 
weed. Turkey-corn. 
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Leaves dark green; scapes 1 to 2 feet high; longer than the leaves; 
flowers deep pink. Mountain rocks and river gorges, southern Appalach- 
ian Mountains from Wills Mountain, Allegany County, Md., south to 
North Carolina and Tennessee. 


CHEMICAL EXAMINATION 


As might be expected in a group so nearly related to the poppy family, 
species of Bikukulla have been found to contain alkaloids. Wenzell (7) * 
in a study of Bikukulla canadensis (Corydalis formosa) reports the 
presence of an alkaloid which he assumed, on very insuflicient evidence, 
to be corydaline. Fischer and Soell (3) made an examination of B. 
cucullaria (Dicentra cucullaria) and were able to identify protopine and 
also to isolate minute quantities of two other alkaloids in crystalline 
form, which they characterized only by their melting points and certain 
other physical properties. Battandier (2) discovered protopine in B. 
jormosa (DC.) Howell (D. formosa). Heyl (5) made a more thorough 
study of the same plant and observed that protopine was the chief 
alkaloid, besides isolating two others which he differentiated by their 
physical properties. 

Gadamer (4) found protopine in B. spectabilis (D. spectabilis), with a 
yield of 1 per cent, and surmised the presence of other alkaloids. Asahina 
(1) obtained a crystalline alkaloid from B. pusilla (Sieb. & Zucc.) Coville 
(D. pusilla), which he named dicentrine, and also isolated protopine 
from the plant. He made a very complete chemical study of dicentrine 
and concluded that it was identical with one of the unnamed alkaloids 
found by Heyl in B. formosa having a melting point of 169°C. Dicentrine 
was studied from a pharmacological standpoint by Iwakawa (6), who 
found that it produced narcosis when administered to small animals 
in moderate doses, whereas larger quantities caused convulsions, weaken- 
ing of the heart, and respiratory paralysis. 

A search of the literature has failed to reveal any publication on the 
constituents of Bikukulla eximia. 

Table I brings out the more essential facts in the preceding summary. 


TABLE I1.—Comparative chemical analyses of species of Bikukulla made by various 
investigators 





BIKUKULLA CUCULLARIA, Fischer and Soell. 


l 
Alkaloids.......... +4 Protopine. 


Meltitig POimt.... if 408" Cin. cediNges et £58" Cee. st ais a1s5° C. 
{Soluble in alcohol. .| Insoluble in alcoho 
Solubility.........| |\Soluble in ether. ..., Soluble in CHCl. Soluble in alcohol. 
Form. . Paes a i at ae Aa ee | Needles, rosettes... | Fine granular. 
Color tests: 
Concentrated | pied deny miwewimerect Red to Brown. 
H,SQ,. | 
SN ESTE Ore Coe er Red to violet. 
Froede’s...... Ent teuetetens aaeaee< Red to violet. 
COMMOMUINGRE” fle ooict eecrc ted cect | Red to yellow. 
HNO. 


3 1 Refere nce is made by numbet (italic) t to “Literature cited,” p. 78. 
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TABLE 1.—Comparative chemical analyses of species of Bikukulla made by various in- 
vestigators—Continued. 


BIKUKULLA FORMOSA, G. Heyl. 


Atkaloids......... Protopine ee 
Melting point......| 201° to 202° C...... oS eee 142.5° C, 
(Soluble in H_ Br. Soltible in H Br. 
cocpmeees AEE LTTE salt. salt. 
|{Insoluble in alcohol. Soluble in alcohol. 
re. ne | Yellow needles. . White needles. 
Color tests: ' 
Concentrated Eas | apathien to red vio- Colorless. 
H,SOQ,. | fet. 
Erdmann’s ..... Yellow to green. . BMG fsa a scies .. Weak green. 
Froede’s...... One er | Deep blue. . .., Blue green. 
Concentrated CUNONE sg es nee | Colorless to brown... Brown. 
HNO. 





noe cg, EEC CEE OC TOCS ki_ ). J aE Se oe a mre Dicentrine. 
Melting point. .......5 0.0566. | ais SER eer eee eee 168-9° C. 
Soluble in hot al- 
PMMA deisce sd orese wastes be Soluble “ — casi. i COBOL, 
ple Aer tee fia’ Soluble in CHC). 

eA Sie epee: Bo Se eee ....| Prisms. 
Color tests: | 

Concentrated — | Yellow OO eis k cnxcerwers Colorless to violet. 

Erdmann’s. vseeseeees| Wellow to violet.............. Blue. 

yk SORA Moen | Violet to blue.................| Deep blue. 

Concentrated HNO ...... | Colorless to brown............ Colorless to brown. 


| 
| | 


It will be seen from Table I that protopine seems to be the alkaloid 
most common to the members of the genus, and if Asahina’s (1) sup- 
position is correct dicentrine is common to Bikukulla formosa and 
B. pusilla and possibly may be contained: in others of the group. It 
seems not improbable that the protopine of Heyl (5) and Gadamer(4), 
melting at 201° C., may be a different body from that of Fischer(3) and 
Asaliina(r), melting at 207° C. Some of the work summarized above 
is very incomplete, with conclusions often based on color reactions, 
which are notoriously deceptive. The physiological action of these 
alkaloids had not been studied, with the exception of protopine, which 
has long been known as one of the opium group, and dicentrine in 
Iwakawa’s(6) report. Neither of these two alkaloids would seem to 
possess sufficiently toxic qualities to account for the symptoms of pois- 
oning in animals fed with B. cucullaria (Pl. 1, A) and B. canadensis 
(Pl. 1, B). 

The material on which the following chemical work was done was 
gathered at Round Bottom, Va., in April, 1921, just previous to the 
flowering stage. The tops and roots of Bikukulla cucullaria, and only 
the roots of B. canadensis were used in the experiments. The tops of 
the B. cucullaria were dried and in good condition, but the roots of 
both plants were contaminated with soil which was removed by sieving 
in a stream of running water. They were then dried, first in the air 
and then in an oven at 100° C., and ground fine in a mill. 
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The object of the study here reported was to determine what constitu- 
ents of the plants were responsible for their toxic effect, and as it was 
known that both contained alkaloids it was obviously necessary to isolate 
and test the toxicity of these compounds. As a preliminary experiment 
afew grams of the ground roots of the two plants were allowed to macerate 
in Prolius’ solution for 48 hours. The solution was then decanted and 
evaporated spontaneously until nearly dry, and the residue was extracted 
with dilute hydrochloric acid. Both these solutions gave a heavy precipi- 
tate when tests were made with Mayer’s reagent, showing the presence of 
alkaloids. The acid solutions were then made strongly ammoniacal, 
which threw down some of the dissolved material as a white flocculent 
precipitate, and were shaken out exhaustively with ether. After the 
ether evaporated, the residue was again taken up with very dilute hydro- 
chloric acid. One-half cc. of each of these two solutions, which repre- 
sented the raw alkaloids of Bikukulla cucullaria and B. canadensis, was 
injected subcutaneously into two white mice. The animal receiving the 
dose of B. canadensis gave some slight evidence of narcosis but suffered 
no other ill effects. The mouse injected with the B. cucullaria extract 
also behaved in a sleepy manner for some time and died unobserved 
inside of two hours. Another mouse was then given a similar injection 
of the same B. cucullaria extract, and his reactions were carefully fol- 
lowed. The animal showed no striking symptoms in the course of an 
hour, then suddenly grew restless for a few minutes, was seized with 
acute convulsions, and died almost immediately. These results seemed 
to indicate that the roots of B. cucullaria were poisonous, whereas those 
of B. canadensis were harmless, but upon further investigation this 
conclusion was modified. 

An approximate assay of the total alkaloids in the material which was 
available, namely, the tops and roots of Bikukulla cucullaria and the 
roots of B. canadensis was undertaken as follows: Of each of these three 
samples 5 gm., dried and finely ground, were macerated for 48 hours in 
50 cc. of Prolius’ solution, the solution was decanted off and the residue 
washed with a little alcohol and added to the solution, which was then 
extracted with 50 cc. of 5 per cent H,SO, in three portions. The acid 
extract was made alkaline with ammonia and shaken out exhaustively 
with ether. The ether solution was distilled to small bulk, transferred 
to a tared beaker, and allowed to evaporate spontaneously, whereupon it 
was completely dried in a desiccator and weighed. Table II shows the 
results of the three determinations. 


TABLE II.—Assay of total alkaloids found in Bikukulla cucullaria and B. canadensis 





Weight | 
Plant. of Alkaloid. Character of residue. 
plant. | 
ool 
| Per | 
B, cucullaria: | Gm. | Gm. cent, 
RE oper tas | 5 | 0.062 1.24 | Amorphous. 
1 ERE abot eae 5 .080 | 1. 60 | Amorphous, withsomeneedles. 
B. canadensis: | 
WOME 2568 5 . 157 3.14 | Amorphous, with rosettes. 


| et 
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With known weights of the raw alkaloids from definite quantities of 
the three samples, the way was now open for comparative tests of their 
toxicity. ‘To this end all three total alkaloidal residues were dissolved 
in exactly 5 cc. of very dilute acetic acid, and 0.5 cc. of each was injected 
subcutaneously into three mice. ‘The result was the same in each instance 
the animal died almost instantly in violent convulsions. ‘The dosage 
was as follows: 


B. cucullaria: 


on SRR RAR ie eerie ri ......05 gm. plant=o.0062 gm. alkaloid, 
NT cl atta Sitinn > eleva 0.5 gm. plant= .oo8o gin. alkaloid. 

B. canadensis: 
Ee CERT TER eee 0.5 gm. plant= .o157 gm. alkaloid. 


By testing these solutions at gradually increasing dilutions it was 
possible to determine within narrow limits the minimal fatal dose of the 
three with respect to mice of about 20-gm. weight, as shown in Table III. 


TABLE III.—Minimal fatal dose of Bikukulla cucullaria and B. canadensis for mice of 
20-gm. weight 





| ‘Total dose 


Weight | per kilo- 
Plant. | oi | Alkaloid. | gram of 
| plant. | body 
| | | weight, 
B. cucullaria: Gm |) Gm |) Gm. 
MME. Oo scccs nia gisieelae (is nore a Rete eae aie tre heme | 9-040 | 0, 0005 | 0. 02 
PMCS hovevtielcac teeta ciatienber ences aay Gimmn |e ieee 02 
B. canadensis: | 
NI Sais Ses ies ys tied Scab eeuieetune dae hicl ene bn | .250 | .OI00 | + 40 


From these figures it can be estimated that the combined alkaloids of 
Bikukulla cucullaria roots and those of the tops are of approproximately 
the same degree of toxicity. 

This finding runs counter to observations made in the field tests on 
calves, as reported elsewhere, in which 60 pounds of the tops were fed 
without effect. A possible explanation of this result is that the bulk and 
succulence of the fresh tops so dilutes the poison that its action is mini- 
mized and it is absorbed so gradually that the animal suffers no ill effects. 
Nevertheless the fact remains that the tops contain the poison and must 
be held partially accountable for the poisoning of grazing stock which eat 
the whole plant. Applying the foregoing figures to a comparison of the 
relative toxicity of the roots of Bekukulla cucullaria and B. canadensis, 
it will be seen that the alkaloids of B. cucullaria are about 20 times as 
poisonous as those of B. canadensis, but as there is a considerably larger 
percentage of alkaloids in B. canadensis the ratio of toxicity between the 
two plants would be reduced to approproximately 6 to 1. 

As a preliminary experiment to acquire some information about the 
character of the alkaloids in the two plants under investigation, 100 gm. 
of each were extracted in a Sohxlet apparatus with the selective solvents, 
ether, chloroform, alcohol, and acidified water. In the case of Bikukulla 
cucullaria the acidified water gave only the faintest of tests with Mayer’s 
reagent, showing that the other three solvents had made a complete 
extraction. All three solutions contained appreciable quantities of 
alkaloids. From the chloroform and alcohol fractions only amorphous 
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products were obtained, but from the ether extract a crystalline alkaloid 
was isolated. After the ether was distilled off the residue was triturated 
with dilute hydrochloric acid until all the alkaloid was removed and the 
acid solution was made ammoniacal and shaken out with ether. The 
etherial solution was concentrated to small bulk, the same volume of 
alcohol was added, and on slow evaporation there were deposited warty 
masses of colorless crystals. These were removed and pressed between 
filters and recrystallized from a mixture of alcohol and chloroform. After 
one recrystallization they melted ai 168° C., which was not changed by a 
further purification of the same kind. It was at once assumed that the 
dicentrine of Asahina (7) had been isolated, but after testing the com- 
pound on mice it was evident that it was another substance, and one of 
much higher degree of toxicity. By methods already described, it was 
found that 0.04 mgm. of the alkaloid was fatal toa mouse. The animal 
exhibited a period of intense excitement followed by convulsions and 
death, whereas Iwakawa in trying out dicentrine on mice found the fatal 
dose to lie between 5 and 10 mgm., and his animals experienced a pro- 
longed period of narcosis before death.’ These facts would seem sufficient 
to differentiate the two compounds. 

Another alkaloid is known with a melting point of 169° C., namely, 
Y-homochelidonine, found chiefly in Sanguinaria canadensis I,. It has 
always been prepared in conjunction with its physical isomeride B- 
homochelidonine, melting point 159°, but no trace of the latter was found 
in our product. Moreover, the physiological action of Y-homochelido- 
nine is like morphine, chiefly narcotic. It is therefore reasonable to as- 
sume that the alkaloid isolated from Bikukulla cucullaria is new, and we 
propose to name it provisionally cucullarine. Unfortunately, the small 
quantity at our disposal has made it impossible to make a complete 
study of it, but this we intend to do later when larger quantities of 
material are available. We have been able, however, to note the follow- 
ing properties: It crystallizes in characteristic warty masses of prisms; 
it is colorless when first prepared but changes to pink in the light; it is 
soluble in ether and chloroform, but not so soluble in alcohol; it is precipi- 
tated by the usual alkaloid reagents, Mayer’s, iodin in potassium iodid, 
picric acid (crystalline), and platinum chlorid; with concentrated sul- 
phuric acid a small crystal dissolves with difficulty, producing a violet 
coloration turning brown. 

Another portion of Bikukulla cucullaria was exhaustively extracted 
with 95 per cent alcohol containing a little acetic acid, the alcohol was 
removed by vacuum distillation, and the residue was taken up in dilute 
acetic acid and allowed to stand for some time. The small quantity of 
resin which separated was filtered off, and the solution was made alkaline 
with ammonia and shaken out first with ether then with chloroform. 
Very little alkaloid was recovered from the latter extract, the great bulk 
being removed by the ether. The etherial solution was set aside for sev- 
eral days with the expectation that protopine would crystallize out. 
This did not occur, however. ‘The ether was then distilled off, and the 
raw alkaloid fractioned in various ways with the production only of 
amorphous products. Our failure to isolate protopine, reported by 
Fischer and Soell in B. cucullaria, may be due to the comparatively 
small quantities of material on which the work was done or to the stage of 
maturity of the plant. Fischer and Soell do not say when their B. 
cucullariva was gathered and are rather obscure in their description of the 
technic they employed. 
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As with Bikukulla cucullaria it has not been possible as yet to give 
the alkaloids of B. canadensis a complete survey. It seems highly prob- 
able that the latter plant contains cucullarine, as the physiological 
effects produced on mice by the raw alkaloids of both plants are so sim- 
ilar. If present in B. canadensis it undoubtedly must be there in very 
minute quantity, as the toxicity of B. cucullaria is so much greater. 
This may account for the failure so far to isolate it. However, a crys- 
talline alkaloid from the roots of B. canadensis has been prepared. 
The material was percolated with 95 per cent alcohol, plus acetic acid, 
and the solution was treated in the usual way. By extracting this prepar- 
ation with ether which contained a small quantity of alcohol a bright 
yellow compound was obtained, crystallizing in bundles of silky needles. 
It has a melting point of 210° C. and gave reactions with the customary 
alkaloid reagents and a crystalline precipitate with picric acid. It 
proved to be nontoxic when injected into a mouse. A dose of 0.6 mgm. 
caused the animal no apparent inconvenience. 

It is proposed to make a further study of the alkaloids of Bikukulla 
cucullaria, B. canadensis and B. eximia in more detail with larger quanti- 
ties of material. 

FEEDING EXPERIMENTS 


Feeding experiments with both Bikukulla cucullarva and B. canadensis 
were made by the representative of the Virginia Agricultural Experi- 
ment Station on a farm near Merriam, Bland County. The material 
used was collected on this farm and fed in a fresh condition. ‘The ani- 
mals used were healthy yearling steers, weighing approximately 275 
pounds each. 

At first these plants only were fed, but the animals ate of them so 
sparingly that it was found necessary to mix them with grass before they 
were taken freely. Account was kept of the weight of the grass and of the 
plants fed to each animal and of the portion which remained uneaten, 
from which the approximate weight of the suspected plants eaten was 
calculated. A detailed account of the experiments follows. 

STEER 2.—The whole plant of Bikukulla cucullaria was given this 
animal. Feeding was begun at 2 p. m., April 19, 1921, but on that day 
only 4 pound of the plant was eaten; April 20, 34 pounds were consumed 
between 7.30 a. m. and 5 p. m., without noticeable effects. Feeding was 
resumed at 5.15 p. m.; and at 5.30, when the animal had eaten about an- 
other pound of the plants, symptoms of poisoning were first exhibited. 
He suddenly began to tremble, ran backward then forward several times 
with the head held very high. He was frothing at the mouth and several 
times ejected partly digested stomach contents a distance of several feet. 
The trembling which occurred all over the body became more violent, 
convulsions ensued, and at 5.40, 10 minutes after the first seizure, he fell 
and was unable to rise. He lay upon the left side, with the head thrown 
back as in opisthotonos, and with the legs extended and rigid. He 
moaned as though in great pain, the eyes were glassy, breathing was very 
difficult, and the bowels were lax. About 5.50 relaxation began; the 
animal struggled but was unable to rise until 6.10, when he got up; and 
although very weak and nervous he was able to walk about. From this 
time his condition improved rapidly, and, when no other symptomsof 
poisoning appeared, he was returned to the pasture at noon, April 21. 

STEER 5.—The bulbs alone of Bikukulla cucullaria were fed to this 
animal. Feeding was begun at 2 p. m., April 19, but practically none of 
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the material was eaten until the following day when approximately 5 
pounds were consumed between 7.30 a.m. and 5.30 p.m. Then trem- 
bling, convulsions and all other symptoms manifested by steer 2 were 
exhibited. As in the case of steer 2 this aninmal was eating heartily of 
the bulbs at the time of seizure. 

There was no appreciable difference in the time both animals were 
down or in their condition during recovery. These two cases agree so 
closely in every respect that they are regarded as practically identical. 

STEER 4.—Between April 19 and April 25 this animal received 60 
pounds of Bikukulla cucullaria tops which included the flowers. There 
were no ripe seeds in the material. The quantity consumed daily ranged 
from 4 to 1114 pounds. No symptoms of poisoning were observed during 
the seven days the animal was under observation. 

STEER 3.—This animal consumed approximately 55 pounds of the 
entire plant of Bikukulla canadensis between 5.30 p. m., April 19 and 
12.30 p. m., April 27. The quantity consumed daily ranged from 3% 
to 9% pounds. Aside from a slight restlessness and uneasiness on the 
second day of feeding, when 7%pounds of the plant were eaten, no 
injurious effect was observed. 

STEER 6.—This animal was brought in for feeding on’ the afternoon of 
April 24, and was given the entire plant of Bikukulla canadensis. Feed- 
ing was continued until noon, April 27, up to which time he had consumed 
16 pounds of this material. Six and one-half pounds of the plant were 
eaten on April 24, and on April 25 the animal was restless and uneasy 
practically all day, but no other symptoms were manifested. 

These experiments confirm the popular opinion that Bikukulla cucul- 
laria is poisonous to cattle, but more definite feeding experiments must 
be performed with Bikukulla canadensis before it can be positively stated 
that this species constitutes a menace to live stock. 


CONDITIONS UNDER WHICH POISONING MAY OCCUR 


Most of the cases of poisoning occur early in the spring. The danger 
is usually past by the middle of May, although in some of the higher 
altitudes poisoning may occur as late as June. Poisoning is said to 
occur most frequently following heavy rains, when, the soil being soft, 
the bulbs of the plant are mostly likely to be pulled up and eaten. The 
experiments show that both species of Bikukulla used are unpalatable to 
cattle and therefore unlikely to be eaten in harmful quantities when 
suitable forage is available. 


SUMMARY 


(1) Bikukulla culcullaria and B. canadensis, in Virginia popularly 
called “little staggerweeds,”’ have long been considered poisonous to 
cattle. 

(2) Chemical examination has shown that both these plants contain 
toxic alkaloids and that the tops as well as the bulbs of B. cucullaria are 
poisonous. 

(3) B. cucullaria contains at least one alkaloid of a highly poisonous 
nature. This alkaloid, heretofore apparently unknown, has been named 
cucullarine, and its properties are described. 

(4) Cucullarine probably occurs in B. canadensis also, since its physio- 
logical effect on mice closely resembles that of B. cucullaria. 

(5) Feeding experiments show that B. cucullaria is toxic for cattle. 
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PLATE I 


A.—Bikukulla cucullaria, Dutechman’s-breeches. 
B.—Btkukulla canadensis, squirrel-corn. 














Poisonous Properties of Bikukulla cucullaria PLATE | 
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FORCING THE GERMINATION OF FRESHLY HAR- 
VESTED WHEAT AND OTHER CEREALS! 


By GeorGE T. HARRINGTON 


Formerly Scientific Assistant, Seed-Testing Laboratories, United States Department of 
Agriculture 


In the regions where the winter wheat harvest precedes sowing by 
only a few weeks, as in Wisconsin, farmers depend largely upon the cur- 
rent crop for fall sowing. The inability to secure a prompt and satis- 
factory germination test of the freshly harvested grain, when tested at 
the ordinary temperature, 20° C. or a little higher, has heretofore created 
an administrative difficulty, which became acute toward the end of the 
sowing season when a prompt report by the analyst was imperative. 
The work reported in this paper was done in an attempt to overcome this 
difficulty.? In all, about four dozen samples of wheat and one dozen 
each of barley and oats of the current crop, part of them gathered from 
the standing grain, were included in the investigation. More than half 
of these samples were gathered by hand in the State of Wisconsin. 
Others were sent there or to Washington from Colorado and from the 
Dominion of Canada. 

Germination tests were made in 100-mm. Petri dishes with moist 
absorbent cotton as a seed bed, using only unbroken grains which showed 
no visible evidence of decay or injury. The majority of the samples were 
presoaked about half an hour in Gooch crucibles in running tap water, 
those badly infected with microorganisms being first sterilized from two 
to five minutes in a 1 per cent solution of silver nitrate. Only 50 grains ° 
were used in the majority of the tests, but 100 or 200 in some tests. 
Preliminary germination tests of all samples and a few special tests in 
which temperature effects were not important were made at room 
temperature -(about 20° to 26°C.). Samples which germinated very 
well in the preliminary tests were not included in any of the tests with 
different methods of forcing germination. 

On account of the limitations under which the work was done, it was 
necessary to count grains as germinating while in the very early stages 
of germination and to discontinue the majority of the tests at the earliest 
possible date. This practice was justified by observation upon further 
development at a favorable temperature for growth in a large number 
of selected cases. 

Moisture determinations were made concurrently with the germination 
tests by drying small samples of the grain for two or three days in an 
oven in which the temperature was maintained at about 105° C. and the 
air was kept in circulation by a small electrically driven fan. 





1 Accepted for publication July 2, r92r- 

* The greater part of the work was done in Madison, Wis., during August, 1919, with the cooperation of 
Prof. A. L. Stone, State seed inspector of Wisconsin, on whose suggestion the investigation was undertaken, 
Dr. W. W. Robbins, who at that time was with the Colorado Agricultural Experiment Station, and the 
Canadian analysts. Prof. Stone assisted in the arrangements for collecting samples in Wisconsin. Dr. 
Robbins and the Canadian analysts sent samples from their locailities for test. The necessary equipment 
was furnished by the Branch Cereal Laboratory of the United States Department of Agriculture at Madi- 
son and the Department of Plant Pathology at the University of Wisconsin. After my return to Wash- 
ington, Miss Bertha C. Hite, of the Seed- Testing Laboratories, continued the work, concerning herself 
especially with the effect of increased oxygen pressure and the germination of old cereals at different tem- 
peratures. 
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A great deal of work has been done by others on the after-ripening 
of seeds in general and more with the cereals than with any other class 
of seeds on account of their economic importance. Much of this work 
with the cereals by English and German investigators has been related 
to the adaptation of fresh grain for use in the brewing industry, although 
relations to agricultural practice and breeding have not been entirely 
neglected. Many and various hypotheses have been put forward to 
explain the process of after-ripening, but some of these lack convincing 
experimental evidence and none is of universal application. 


RESULTS OF THE INVESTIGATION 
EFFECT OF ARTIFICIAL DRY HEATING 


Duchartre (75), working with spring rye, wheat, and barley, was one 
of the first to call attention to the beneficial effect of artificial drying on 
the germination of seeds. He found that cereal seeds were capable of 
germination when they were still far from mature and their endosperms 
were just leaving the milk stage; that very young seeds germinated more 
slowly, but with as high a total percentage as the fully ripened grain; 
that artificial drying so affected these very young seeds that they ger- 
minated about as rapidly as the mature grain; and that such artificially 
dried young grain was satisfactory for seeding purposes. 

Since Duchartre’s publication, the New York (Geneva) Agriculture 
Experiment Station (40), Hotter (24), Hoffman (22, 23), Hiltner (27), 
Atterberg (6), Kiessling (28), and Stapledon and Adams (39) are among 
those who have published results showing favorable effects upon ger- 
mination from drying not after-ripened cereals and maize. Zade (47) found 
only slight advantage from artificial drying of wild oats when fresh, but 
when the dormant seeds which had been in moist sand for months were 
removed from the sand, dried, and remoistened a very large percentage 
germinated promptly. 

Recently Kondo (30) has shown beneficial effects from drying not after- 
ripened rice. He considers this to be due to an increase in the oxygen 
supply made possible by a change in the oats. This explanation seems 
to be applicable to Zade’s favorable results with wild oats, since Atwood 
(7) has shown that oxygen is the limiting factor in the germination of 
these seeds. 

In nearly all the published work on artificial drying to hasten the after- 
ripening and germination of cereals the drying has been done by means of 
heating, and the results are therefore complicated by a possible effect of 
the heating per se. In fact Kiessling, in the article already cited, at- 
tempted to show that the beneficial effects he secured were really tem- 
perature effects and not effects of fluctuations in moisture content at 
all. However, Hiltner (27) and others have shown an accelerating effect 
upon after-ripening as a result of drying in vacuo or over sulphuric acid. 
The writer, in conjunction with Dr. William Crocker in work as yet un- 
published, accelerated after-ripening of Johnson grass seed by drying over 
lime or over sulphuric acid, but the effect déveloped much more slowly 
and less completely here than when the seeds were heated in a drying 
oven. Apparently in this case both heating and drying are beneficial 
and the result seems to be related to the subsequent water intake of the 
embryo. 


* Keference is made by number (italic) to ‘‘ Literature cited,” p. 97-100, 
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The effect of drying and heating treatment depends to an extent not 
always recognized upon the condition of the grain at the time of treat- 
ing it, the temperature used, and the length of time the treatment is 
applied. Kiessling (28) found a beneficial effect upon barley in the 
early stages of after-ripening and a harmful effect in the later stages or 
after after-ripening was complete. Stapledon and Adams (39), with 
very mild dry heat treatments, secured beneficial results with good 
strong grain and harmful results with weak or diseased grain. Atter- 
berg (6) reported a decrease in germinating capacity as a result of dry- 
ing for a short interval, followed by an increase with longer drying. 
Woliny (45), working with fully afterripened cereals, found that arti- 
ficial drying decreased germination but increased the productivity of 
the resulting plants. According to Worobiew (46) heating wheat before 
gerinination promoted a xerophytic type of structure and increased pro- 
ductivity under drought conditions but had no effect with ample mois- 
ture supply. Apparently Johannsen’s failure (25) to induce the germi- 
nation of fresh two-row barley and Stapledon and Adams’ (39) only 
slightly favorable results with a number of cereals are to be explained as 
a result of drying for an insufficient length of time. 

The temperatures used for drying have varied from about 30° C. to 
as high as 80° C., and the results with the higher temperatures have 
frequently been harmful on account of the relatively high moisture 
content of the cereals at the time the heating was begun. Miiller (36), 
Waggoner (42), Harrington and Crocker (20), Nagai (37), Atanasoff 
aud Johnson (5), and others have shown that cereal and other seeds are 
quite resistant to the effect of temperatures even as high as 100° C. if 
their moisture content is low when the heating commences. Zalenski 
(48) found 50° C. for a short time fatal to fresh green grain of winter 
rye and harmful to the grain in later stages of maturation. 

Several have found a temperature around 40° C. to be best for increas- 
ing the germination capacity of not after-ripened cereals. Stapledon and 
Adams (39) used this temperature for three days with limited effect. 
Hotter (24) gave 10 days, Hiltner (27) 8 to 10 days, and Atterberg (6) 
8 days as the length of time drying at 40° C. was necessary to bring 
not after-ripened cereals to their full germinating capacity. Atterberg 
obtained the same results from 8 days’ drying at 30° C. if the seeds were 
dried in a current of air, a fact which seems to indicate that oxygen sup- 
ply or rate of drying is important. Moritz and Morris (34) gave 43° C. 
as the maximum temperature to be used in kiln-drying barley for malting, 
and Hiltner stated that temperatures above 40° C. may be injurious to 
the fresh, relatively moist not after-ripened grain. Since barley is more 
resistant than the other cereals to the harmful effects of high temperatures 
40° C. would seem to be as high a temperature as could safely be adopted 
for general use. 

In the author’s investigations heating for one day at 40° C. was without 
effect upon the germinating capacity of very moist, fresh wheat. Table 
I shows the effects of other dry-heat treatments upon germination at 
room temperature. 

Drying wheat eight days at 40° C. had a much more pronounced effect 
upon its subsequent germination than drying at the same temperature 
for five days. This drying treatment was more effective in hastening 
germination with barley than with wheat or oats, but it raised the germi- 
nation capacity to nearly 100 per cent inallcases. When the temperature 
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was raised to 62° after eight days at 40°, and the drying was con- 
tinued for one day, the rapidity and completeness of germination of oats 
and wheat were reduced to about the figures for the undried controls. 
Barley, after the same treatment, germinated even better than when 
dried only at 40°. This agrees with the statements of others that barley 
is more resistant to the injurious effects of high temperature than are 
the other cereals and in addition seems to indicate that up to the point at 
which injury begins, increasing the drying temperature would increase 
the effectiveness of the treatment. 


TABLE I.—Effect of artificial heating and drying 


Percentage of germination. 


| Average ental 
| | mois- | | 
Kind of grain and | I ig oem 
ind of grainand | : conten verage of a ing greates' 
number of samples. | Drying treatment. in per- samples. | effect of the 
| \centage | treatment. 
| of wet | 
| weight. 2 


a days. | 5 days. | 2 days. | 5 days. 
| | 


| a61| 69! @52 60 





Otis «seein (oried ¢ |): ee 12.3 
3 I \\Dried 5 days at 40°C......... 8.1 | 8 | o CH 76 
Controls, not dried... .... 0... 12.4 38 | 78 32 68 
Wheat, 4 samples {Dried : days - Carl Ream icts 6.9 59/ 95] 54| 98 
: ontrols, not dried............ 11.6 20 85 8 62 
Oats, 6 samples... . {Dried 8 days at 40°C......... t ere 27 98 | 20! 98 
Controls, not dried............ 12.3 | 29) 16] 28 
Barley, 3 samples. {Dried Baeyestao C........0... 6.1 A = 86 | 4 100 
Controls, not dried............ 12. 3 47 83 32 70 
Wheat, 2 samples {bred SGeyeat so C:........ 1 “96 68 93 54 | 88 
Same-+1 day at 62° C......... 4.8 a6] 94 24 50 
Controls, not dried............ 11.6 20] 83 8 62 
Oats, 5 samples... {Bed Sl ke id ‘8 29 | of 20 98 
| Same-+1 day at 62°C......... 4.7 8 92 ° 74 
Controls, not -dried............] 124.3 8 eee Peace ae 
Barley, 1 sample {Dried & days at 40° C......... 5.7 68 | 100 |...... ysis. 
|{Same+r day at 62°C......... 47 BO. | FOO 1s vies ax hersipe gs 


| 


@ In 3 days. 


Tests of several of the samples which showed poorest germination in 
five days were continued two days longer. Germination continued at a 
decreasing rate during this time, but was far from complete at the end 
of the time in case of some of the untreated lots, especially of barley, 
and some of the lots of wheat and oats which had been heated at 62° C. 


EFFECT OF PRESOAKING 


Bleisch (9), with barley which germinated well without treatment, 
and Andrews and Beals (3), with fully after-ripened maize, have shown 
acceleration of germination as a result of presoaking. Hiltner (27) and 
Atterberg (6) greatly increased both germinating energy and germinating 
capacity of a number of kinds of freshly harvested cereals by presoaking 
combined with a pricking of the endosperms. Kiessling (28) decided 
that presoaking not after-ripened cereals at various temperatures had a 
uniformly harmful effect as compared with drying at the same tempera- 
tures and that this harmful effect was not entirely overcome by the 
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“heat stimulus,’’ which he makes the basis upon which rests the beneficial 
results of both drying and presoaking. With water as the heating 
inedium and the grain therefore in a sensitive condition the heat stimulus 
is felt in a few hours, whereas in dry condition days are required. Too 
long heating (overstimulation according to Kiessling (28), is of course 
harmful. Moufang and Vetter (35) therefore recommended soaking 
barley one hour at 45° C., followed by soaking in the cold in preparing 
it for malting. Too long-continued soaking at any temperature also is 
recognized as harmful by all who have worked upon the subject, and 
Wollny (45), Kidd and West (27), and others have emphasized the fact 
that harmful effects result from presoaking in an excess of standing water. 
This danger is reduced by using running water. According to Kidd and 
West (27), presoaking the red dwarf bean in excess of water increased 
the rate and vigor of germination but decreased the total percentage 
germinating and the number and dry weight of the seedlings which 
survived after three weeks in good soil. The injury thus measured and 
the amount of exosmosis from the seeds while soaking was greater when 
they were soaked at 5° to 10° C. or at 30° C. than when soaked at 20° C. 

Braun (ro) has recently described in connection with the treatment 
of cereals for seed-borne diseases a successful method of presoaking 
which is said to stimulate germination and early growth at the same 
time that it increases the efficiency of the sterilization treatments. 
Braun used a minimum quantity of water and limited the soaking time. 

Wolliny (45), Kraus (37), and Hiltner (27) reached conflicting con- 
clusions, which Eberhart (76) attempted to harmonize, as to the effects 
of presoaking cereals and other seeds upon the resulting crop yield. All 
these except Hiltner (2r) agreed that presoaking under certain condi- 
tions has a very marked effect in increasing crop yield. The seeds were 
sometimes sowed moist and sometimes after a period of drying, which 
did not seem to destroy the beneficial effects. Characteristic differences 
were observed at different stages of development between the plants 
from the controls and those from the treated seeds. Wollny (45) attrib- 
uted the effects to coat changes which allow a more rapid water intake 
and initiate a more vigorous growth, though the percentage germinating 
is usually lessened, as Kraus (37) also decided. Eberhart (76) agreed 
that the permeability of the seed coats to water is increased by the pre- 
soaking as also by favoring ether treatments and that this increase is 
important; but he concluded that protoplasmic alterations also must 
be involved, since the effect is not temporary but persists throughout 
the growing period. 

As already stated, the majority of the germination tests in this investi- 
gation were made after soaking the grain about one-half hour in running 
water. The grains to be tested for germination were placed in the bot- 
toms of Gooch crucibles, which were then stacked in columns of not more 
than 12 in ring-stand supports. Tap water at approximately 18° C. 
from a spigot which gave a spattering stream, so that the water must 
have been well charged with atmospheric air as it bathed the grain, was 
then allowed to run through the entirecolumns. The object of this pre- 
soaking was to wash the seeds as free as possible of microorganisms and 
also to remove or precipitate (by means of chlorids in the water) the silver 
nitrate remaining on the grain in those tests in which the grain had been 
sterilized. There is no reason to believe that there were any harmful 
effects from this treatment. 
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One sample each of fresh wheat, oats, and barley was soaked in tap 
water at room temperature 1 hour and 5 hours in lots of 50 seeds each, 
which were then put to germinate at 16° and at 25°C. During the soak- 
ing the seeds were covered about 1 inch deep with water. ‘The germina- 
tion time was reckoned from the time when the soaking was begun. 
Table II shows the results of the germination tests. 

One hour’s presoaking greatly increased and 5 hours’ presoaking slightly 
increased the germination within the first 31 hours, but presoaking even 
for 1 hour greatly reduced the percentage which germinated in 4 days 
in case of oats and barley but did not affect it in thé case of wheat. ‘The 
harmful effect of the presoaking was much greater when the subsequent 
germination test was made at 25° C. than when the germination temper- 
ature was 16°. 


TABLE II.—Effect of presoaking 1 and 5 hours in excess of standing water upon subse. 
quent germination 


Percentage germi- 


Germina- nating. 
Kind of cereal ‘ton tem ib 
| 3thours.¢) 4 days. 
Pe 
| ° ° 100 
| 16 I 76 | 100 
A iis. ist ei reoccatcrcntionstisncetnsss | eee 
25 | I 16 | 70 
| 5 | 16 62 
if ° ° 98 
16 I 46 68 
5 | 68 
ER Ce On SE meee ok Ee eee eee : { ; | 76 
| 25 | I 34 | 46 
L 5 8 | 18 
° O | 98 
16 I 28 | 54 
. 5 26 58 
OER: ER a Ne Te Le POR VINE zi 96 | 96 
25 e 26 34 
5 8 32 





« Reckoned from the time the soaking was begun. 


In order to get an idea of the progress of imbibition as affected by pre- 
soaking, 50 seeds of known weight of one poorly germinating sample each 
of wheat, oats, and barley were soaked one hour in small vials after 
which the water was poured off. The grain was emptied upon a blotting 
paper, the surface water was rapidly removed by rubbing with another 
small piece of blotting paper, and the percentage of increase in weight 
was determined in comparison with control lots on moist blotting paper 
in Petri dishes. The presoaked grain was then placed on moistened 
blotting paper in Petri dishes, from which it was removed from time to 
time and its increase in weight determined in comparison with the control 
lots. During the first eight or nine hours the grain was at room tem- 
perature, and thereafter in an incubator at 5° C. to prevent germination. 
Table III shows the percentage of increase in wieght of these lots of grain 
up to the end of the third day. 
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The rate of imbibition during the first hour was very much greater for 
the presoaked lots than for the controls. The presoaked oats continued 
absorbing water faster than the controls for several hours on wet blotters, 
while the presoaked wheat was absorbing water faster at the end of 72 
hours than the control. With all three kinds of grain the difference in 
moisture content at the end of the presoaking period was practically 
maintained up to the end of the three days. There was scarcely any 
tendency for the moisture content of the soaked lots and the controls to 
become equalized within that time. This seems to indicate that the 
thorough wetting of the surface, displacing the surface film of air, in 
the case of the presoaked grain had established favorable conditions for 
the capillary movement of water over the surface of the grain toward the 
proximal region at which Schroeder (38) and Collins (12) have shown that 
nearly all water intake occurs and tended to increase permanently the 
imbibitional power of the presoaked grain. Wheat showed less difference 
between presoaked lots and controls than did barley or oats. 

The high rate of water absorption during and immediately following the 
period of presoaking probably accounts for the early beginning of germi- - 
nation of presoaked grain, and undoubtedly the thorough filling of coat 
structures with unaerated water retards gaseous exchange, explaining the 
reduction in germination capacity resulting from presoaking in excess of 
water. It is, however, impossible to consider coat limitations to the 
total water-absorbing power as the cause of poor germination of the 
freshly harvested grain, since the quantity absorbed by even the control 
lots by the end of the third day must be far in excess of the minimum 
amount required for germination. 


TABLE III.—Percentage of increase in weight on wet blotters of grain presoaked I hour 
in comparison with controls not soaked 4 











Percentage of increase in weight. 
Number of hours.> Wheat. | Oats, Barley. 
fs | Control. | ened Control. | Bh oF | Control. 

Ss) Leo sis Cea vice eMe een teddies | 25.4 | 8.9 | 38.7 13.1 25.4 8.4 
Beas serccnmeysutnemen ce oes eared | @83}) 8341 40.7 16.1 32.2 15-7 

Ri wioitan ule W alv, atuh osteeialv ale: sche aee | 29.5 | 23.3 | 59. 8 26. I 42.3 28. 4 
SAD Tae Wy er Ay aed eee ba | 40.0] 34.1 | 96:9 | 37é3 56. 6 36. 5 
Pt epidisoe. Od <SLe sea pet wet 46.6} 401| 804] 47.2 63. 5 46.2 
Mos <bar even es Hos dass vee’ | 53-6 46. 7 | 87.9 57-4 69. 2 55-4 
NR ee eT etre 58.3 | 50.4] 86.6) 608] 72.0 £ 60. 8 
Moisture content after 72 hours | | | 

(percentage of dry weight)..| 81.4 | 71.4] 114.0 84.3 | 100.0 | 83.9 


| | | 








@ Grain held for first 8 or 9 hours at room temperature, then at 5° Cc. 
> Times given are only approximate for oats and barley, but the time was always the same for a pre- 


soaked lot and its control. , 
¢ One or more beginning to germinate. 


EFFECT OF STERILIZATION WITH SILVER NITRATE SOLUTION 
For use in the comparative germination tests at different temperatures 


to be discussed in a later section, grain of the samples which were badly 
infected with microorganisms—about one-half of the total number of 
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samples—was sterilized for five minutes in a 1 per cent solution of silver 
nitrate ‘ with subsequent, thorough washing. Concurrent comparative 
germination tests of a number of samples with and without previous 
sterilization of the grain showed that the sterilization had no effect upon 
germination except to increase that of grain which molded badly without 
such sterilization. 

Additional trials showed that wheat with not more than ro to 12 per 
cent moisture could, with impunity, be immersed two minutes in a 1 per 
cent silver-nitrate solution even after cutting off the distal end, provided 
that the washing was very thorough. ‘The cut surfaces of the endosperm 
subsequently darkened but germination did not suffer. A small per- 
centage germinated even after the embryo had been scratched with a 
needle followed by two minutes in 1 per cent silver nitrate and thorough 
washing. Of course, a majority of the grains thus treated could not 
escape serious injury. This would be the case also with grains cracked 
or mutilated by thrashing or handling. 


INFLUENCE OF THE SEED BED UPON GERMINATION 


The result of the imbibition experiments and of the germination tests 
after presoaking suggested an attempt to secure by the use of a suitable 
germinating bed as much as possible of the accelerating effects of the 
presoak without its undesirable effects upon germinating capacity. 

Trials were therefore made in 100-mm. Petri dishes with one rather 
poorly germinating sample each of wheat, barley, and oats, using seed 
beds of different character and moisture content. 

For seed bed the following were used: (1) Four circular disks of heavy 
blue blotting paper; (2) raw cotton of low absorbing capacity; (3) 
Johnson & Johnson absorbent cotton. When blotting paper disks were 
used the grain was tested both on top of the four disks and between the 
second and third disks. : 

Four blotting paper disks weighed from 71% to 8 gm. It required from 
12 to 13% cc. of water to saturate them and then 1 cc. additional made 
sufficient excess to drip when the uncovered Petri dishes were a little 
more than half inverted. This additional amount of water was all 
absorbed by the blotters in the next two or three hours. For the germi- 
nation tests between blotters just the amount of water required to satu- 
rate the blotters was used in each case. For the germination tests on 
top of the blotters 1 cc. was added. 

The Johnson & Johnson absorbent cotton in each dish weighed only 
1.8 gr. (less than one-fourth as much as the blotters) and was saturated, 
when firmly pressed down, with 11 cc. of water. The addition of 6 cc. 
of water was then not sufficient to allow any to drip when the uncovered 
dish was a little more than half inverted. Thus the water-holding 
capacity of the absorbent cotton was greater than that of four times as 
great weight of the blotters; and of this large amount of water held by 
the cotton without flooding the seeds five or six times as much was 
readily available for rapid absorption by the seeds. 

In the germination tests the amount of water required to saturate the 
cotton (11 cc.) was used in comparison with other tests using 2 cc. less 
and 6 cc. more water. 





‘A solution of silver nitrate is a very desirable medium for surface sterilization on account of the ease 
with which it can be removed or precipitated as the chlorid, the tenacity with which the silver chlorid is 
held on the coat structures, and the consequent relatively permanent sterility conferred. 
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The same weight of raw cotton was used as of the Johnson & Johnson 
cotton (1.8 gr. in each dish). Into this was carefully worked as much 
water as it could be made to hold, and the excess was then squeezed out 
and poured off. The amount retained could not be accurately deter- 
mined but was about 10 cc. in each dish. 

Table IV gives the result of the germination tests at 20° C. Fifty 
seeds were used in each test. 

With barley and oats concurrent tests were made at 10°, 13° 17°, 
and 25° C. The best results, especially as to rapidity of germination, 
were obtained between saturated blotters and on top of the super- 
saturated absorbent cotton. Raw cotton and the only partially satu- 
rated absorbent cotton gave very poor results. In additional tests upon 
absorbent cotton using somewhat more than 17 cc. of water, the harm- 
full effects of flooding the grain with an excess of water became evident. 
The quantity used should not be enough so that any can be easily poured 
off from the Petri dishes, and the grains should be allowed to rest lightly 
upon the cotton instead of being pressed into it so that the water sur- 
rounds them. 

The wheat was less sensitive to moisture conditions than the oats 
and barley, and the results were conflicting. Some other samples, tested 
at other times, seemed to be more sensitive than the one used in this 
series, and the optimal moisture conditions were the same as for oats 
and barley. 

In germination tests at 10°, 13°, and 17°C., the percentage of germi- 
nation varied less, according to seed bed and amount of moisture used, 
than at 20°, being between 90 per cent and roo per cent in nearly all 
cases. The relation between moisture supply and rapidity of germina- 
tion, however, was the same as at 20°, germination being most rapid 
between blotters and on top of supersaturated absorbent cotton and 
least rapid on raw cotton and partially saturated absorbent cotton. 
At 25° germination was very poor and the effect of moisture supply 
was greater than at 20°. 

At all temperatures, the best root development was obtained between 
blotters and the most rapid epicotyl development on top of supersatu- 
rated abserbent cotton. 


TABLE IV.—Germination at 20° C. on different seed beds and with varying amounts of 
moisture 


Percentage germinated. 





Seed bed. Ce, water. | Wheat. Barley. Oats. 


eae we 3 5 op a ee 8 
| | days. | days. days. | days. | days. days. days. | days. days. 























| 
On top of blotters....| 13-14.5 | 36) 76| 80| 20} 40) 40| 24 | 92 92 
Between blotters ..... 12-13.5 | 56) 76| 82) 28/] 68| 72/| 58| 88 92 
Raw cotton..........| %10 | 22; 84] 92 4| 32| 32] 16 | 76 76 
Fe OS. Fo CORON... os .00 6. 17 | 58| 88; 92] 60) 64} 64/| 48] 92 92 
(2 a See | a | 46| 88| 88| 16) 52) 52) 24 | 72 84 
| A Ae | or | 16 


64) 90/ 94| 4] 32) 32 ihe 88 
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EFFECTS OF MECHANICAL TREATMENTS 
I, WOUNDING 


Hiltner (21), Atterberg (6), and Kiessling (28) improved the germina- 
tion of various freshly harvested cereals by pricking or cutting the endo- 
sperms. Similar results were obtained by Zade (47) and by Atwood (7) 
with not after-ripened wild oats, by Harrington (79) with not after-ripened 
Johnson grass seed, and by Andrews and Beals (3) with fully after-ripened 
maize. Hiltner (27) and Atterberg (6) combined the wounding treatment 
with presoaking, to which the results were in part attributed. Various 
interpretations of the favorable effects of the wounding have been put 
forward. 

In wild oats, Atwood (7) showed that the effect of the wounding is 
undoubtedly due to increased oxygen intake, oxygen deficiency being 
responsible for inability to germinate. Atwood’s results with cultivated 
oats also indicate that increased oxygen supply may be involved in the 
effect with oats. Hiltner (2r) believed that the wounding increases 
germination by allowing imbibition of sufficient moisture, and others have 
spoken of enzymic activity being initiated by the admission of oxygen 
and the oxidative transformation of proteins. 

Kiessling (28) discredited all explanations of after-ripening which are 
based on coat exclusions. Since immediately closing the wounds with 
paraffine did not prevent the favorable effect of the wounding he believed 
that the effect of wounding is reached by exerting a “stimulus” upon the 
living protoplasm as in his interpretation of the effects of heat and cold 
on a stimulus basis. Behrens (8) came to the same conclusion, and 
Zade’s dissertation also includes some data which might be thought to 
favor the idea that the dormant embryo of wild oats is in a state of 
exceedingly delicate equilibrium and responds readily to mechanical 
shocks. But in the case of Zade’s work, it is probable that the rubbing 
of the embryo, which he interprets as causing mechanical stimulation of 
the embryo protoplasm, in reality increased the permeability of the coats 
to oxygen, thus supplying the increased amount of oxygen which Atwood 
later showed to be necessary. Furthermore, Kiessling’s stimulus 
hypothesis is difficult to accept on account of the mechanical obstructions 
in the path of conduction to the embryo of any wound stimulus exerted 
upon the endosperm. The only path through the medium of living cells 
seems to be by way of the aleurone layer, which has no organic union with 
the embryo. 

In the investigations herein reported two methods of wounding were 
adopted, both of which had been found to be very effective in causing 
the germination of dormant Johnson grass seed (19), namely, (1) cutting 
off the distal end of the grain just back of the embryo and germinating 
the embryo end alone, and (2) scratching the embryo itself along the entire 
length of one side of the scutellum by means of a bent dissecting needle. 
The axial organs were avoided, but the scutellum was rather deeply 
wounded. Ontly a few lots were treated in either of these ways. 

When the distal ends were cut off and discarded the embryo ends of 
all lots of barley and oats and all but one lot of wheat so treated showed 
nearly complete germination at room temperature in from three to six 
days, but a marked tendency to decay after the treatment reduced the 
percentage of healthy seedlings from some unsterilized lots below that 
for the controls. One lot of wheat showed 100 per cent germination in 
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three days after treatment, against 56 per cent in three days and 64 
per cent in five days in the control. The only lot which failed to germi- 
nate well after treatment was a lot of scarcely ripe wheat freshly harvested 
from the standing plants and carrying nearly 30 per cent (wet-weight 
basis) of moisture. This lot germinated 16 per cent in six days after 
treatment and failed to germinate at all in the control. Probably if 
comparable lots of oats and barley had been treated in the same way 
the germination would have been no better. 

Simply removing the hulls from poorly germinating lots of oats and 
barley slightly increased their germination. 

Scratching the embryo had much more effect than cutting off the distal 
end, inducing practically complete germination in two or three days 
of all lots thus treated except the one lot of wheat which was least affected 
by cutting of the distal end. This germinated 86 per cent in six days, 
while the control failed to germinate at all. The tendency to decay was 
much less than when the endosperms were removed, apparently on 
account of germicidal properties of the wounded embryos. 


2. REMOVAL OF THE COAT STRUCTURES WITH CONCENTRATED SULPHURIC ACID 


This treatment also has been found very successful with dormant 
Johnson grass seed (rg). In this investigation it was used only with 
wheat. It is classed as a mechanical treatment because its effect appar- 
ently depends entirely upon the removal or weakening of the coat struc- 
tures over the embryo. The grain was immersed in the concentrated 
acid for from 30 seconds to 5 minutes, washed in sodium-bicarbonate 
solution, rubbed free from as much as possible of the disintegrated 
tegumentary structures, and finally washed for about half an hour in 
running water. The first part of the coat to be visibly affected was 
that over the radicle, which became slightly charred in 30 seconds. 
After 3 minutes’ treatment nearly the entire coverings rubbed off readily 
except over the edges of the scutellum and over the distal end of the 
caryopsis. Even after 5 minutes these parts were not wholly bared. 
The most rapid and complete germination was secured. after 3 to 5 
minutes’ treatment, but the acceleration was quite noticeable when the 
treatments lasted only 30 seconds, therefore only slightly weakening the 
coat but probably effecting its permeability to a marked degree. This 
was the most effective of all the mechanical treatments, causing complete 
and prompt germination of the most resistant sample; but it is almost 
as tedious as the others and entails great danger of subsequent decay. 

In all probability, the effect of all mechanical treatments here reported 
depends fundamentally upon the same cause, which may be either (1) 
relieving the axial parts of the embryo of some inhibiting substance by 
diffusion outward, or (2) an increase in respiration or an alteration in its 
nature by allowing more ready exchange of oxygen and respiratory 
products, or (3) a more obscure ‘‘stimulus” to the living protoplasm. 
Possibly, also, a similar stimulation of the epithelial layer of the scutellum 
plays at least a secondary part when the endosperm end of the caryopsis 
is removed or the scutellum is wounded by scratching. In this connec- 
tion, it should be said that simply rubbing off the thin membrane which 
remained over the embryo of barley after the imbibed naked caryopses 
were removed from the scales also induced quick and complete germina- 
tion of the most troublesome sample. The embryos were injured, 
however, sufficiently to cause some of the elongating coleoptiles to curve 
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abnormally upward on account of more rapid growth on the under than 
on the upper side. The possibility of a wound stimulus is therefore not 
eliminated. 


GERMINATION AT DIFFERENT TEMPERATURES 


Atterberg (6) was perhaps the first to call attention to the favorable 
effect of cool temperatures upon the germination of not after-ripened 
cereals. He considered after-ripening as simply the continuation of the 
normal process of ripening, and recommended that, with cereals too 
unripe to germinate well at from 13° to 15° C. the germination test be 
preceded by drying for eight days at 40° C. He also found that the 
use of alternating temperatures sometimes increased germination of such 
grain. Kiessling (28) got better germination at 12° to 16° C, than at 
18° to 23° C, as late as November and better at 10° to 14° C. than at 
18° to 22° C. until late stages of after-ripening, when the comparison was 
reversed. Recently, Stapledon and Adams (39) stated that from 12° 
to 15° C, gave best results with nearly all samples of fresh cereals. Of 
course at the low temperatures the rate of development is very slow and 
germination therefore has to be counted very “closely” or else the 
germination test has to be continued over a longer period. 

An alternative is to transfer the grain to a higher temperature for an 
additional day or two as soon as practically all have begun to germinate. 

Table V summarizes the results of a large number of germination 
tests at different temperatures. 

The very favorable effects of temperatures well below 20°C. is strikingly 
evident. With oats and barley the highest average total percentages 
of germination in two weeks were secured at 5° and 9°. There were 
very considerable differences in response to temperature between indi- 
vidual samples of each kind of cereal. 


TABLE V.—Germination at different temperatures 


AVERAGE PERCENTAGE BEGINNING TO GERMINATE AT DIFFERENT TEMPERATURES 





Number | Number | 
| 


Kind of cereal. of H of a, ie 12°C. 16°C, 19° C. | 29°C, 
samples. | days. 
2 | Ss | | | B | 
Wheat...... 16 { ” 4 54 89. 5 » po 3? 
| a+. 99 | 99 99 95 5. § 
2 I | 2i 26 | 41 | 37 | 28 
ae 7 | = 32 | 69! 79 | 71 | 65 55 
\| 11-14 87 | 88) 85 | 77 | 72 68 
2 | ° I So 17 | 13 | 5 
Barley...... 3 5 | 28 63 67. | 63 | 45 | 24 
III | 95 


04 86 | SS eee (REE oe 


PERCENTAGE OF GERMINATION OF SAMPLES SHOWING MAXIMUM TEMPERATURE EFFECT 





| | | 





Wheat...... . { 2 ° ° 50 | 40 22 8 
5 88 96 98 84 40 16 

Oats. .. . { 5 44 48 84 94 66 50 
5 82 04 92 | 68 52 48 

Barley...... x | 5 20 80} 86 | 80 56 20 
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a A number of the poorer germinating samples of wheat were kept in 
the germinators for two weeks. With these, as with oats and barley, 
nearly all the grains previously ungerminated began to develop at the 
lower temperatures, but the germination of several samples remained 
far from complete at 19° C. and especially at 22°. 

le When barley and oats were kept in the cool germinators for the longer 

ed period, the endosperms usually became fluid and milky, while the later 

he appearing germinations were often abnormal and weak. It is question- 

00 able, therefore, whether these should be counted as germinated. Atter- 

be berg’s (6) combination of artificial drying with subsequent germination at 

he cool temperature should be used with such samples. No such doubt is 
ch attached to the result with wheat, or to the early appearing germinations 
at of barley and oats. 

at A temperature somewhat lower than 20° C. is of advantage also in 

as making germination tests of older samples of cereals. Probably about 

16° is the optimum. The percentage of germination of old samples fre- 

Of quently is slightly greater, and never is significantly less than at 20°, 

id the development of the seedlings is sufficiently rapid, and the tendency 

he to mold or decay is markedly less than at 20°. The results of this inves- 
tigation show this to be true with oats and wheat, and incidental refer- 

in ences in the literature on germination indicate that it is probably true 

e. also of barley and rye. 

on Several samples of spring wheat were very poorly developed on ac- 
count of the rust epidemic, the selected grains for some samples being 

ly hardly more than half normal weight. Nevertheless, these samples re- 

es sponded as well to the mechanical treatments described in the previous 
re section and to low temperatures as did the well-matured samples. 

li- The use of relatively low germinating temperatures for winter cereals 


has the added advantage of simulating much more nearly the conditions 
under which the grain would germinate in the field. Planted in the fall, 
it has cool nights at least, and soon the average soil temperature, even 
in the day, is well below 20° C. Furthermore, Aderhold (r), Appel and 
Gassner (4), Gutzeit (78), Gassner (17), and Walster (43) have shown that 
the exposure of different kinds of seed or very young seedlings to low 
temperatures—always well below 20° C and frequently around o°—has a 
very marked effect upon the subsequent development of the plant. In 
the case of cereals (especially winter cereals) this effect is decidedly 
beneficial, since it promotes an early, uniform, and abundant fruitage. 
5 The formative effect of temperature upon the plastic organs of plants 
has recently been further illuminated by Child and Bellamy (rr). All of 
these investigations taken together open up a very interesting field for 
further study in connection with the after-ripening and germination of 
cereals. 


a EFFECT OF INCREASED OXYGEN PRESSURE UPON GERMINATION 


As indicated in earlier pages Atwood (7) has found increased oxygen ° 
~ pressures efficient in forcing the germination*of dormant wild-ogts, 
Kiessling (28) obtained similar results with tange oats and diso found 
oxygen treatments helpful in increasing the germination ‘of barley in 
the early stages of after-ripening but harmful in the later, stages of after- 
ripening. Kondo (30) concluded that after-ripening in’ Tice consisted of 
a process of oxygen storage and enzym formatiofi‘ ahd that the bene- 
ficial effect of drying was related to increase oxygen entrance. Hoffman 
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(23) elaborated a similar hypothesis, so far as oxygen is concerned, to 
explain the after-ripening of cereals. 

On the other hand, Kiessling, in the article just referred to, showed 
that barley after-ripened more slowly in atmospheres in which two- 
thirds of the normal air was replaced by oxygen than in unaltered at- 
mospheric air, and also that the beneficial effect of heating, either with 
or without simultaneous drying, was not dependent upon the partial 
pressure of oxygen during the period of heating. Takahashi (41), 
Nagai (37), and Akemine (2) have all shown that fully after-ripened rice 
germinates and develops considerably in entire or almost entire ab- 
sence of oxygen, and Lukas (33) found that fully after-ripened oats and 
maize, as well as some other seeds, germinated more rapidly in reduced 
air pressure (therefore reduced partial pressure of oxygen) than in 
normal air. The behavior of rice is undoubtedly related to its ecology, 
this grain being adapted for germination under water, as are the seeds 
of many water plants (13, 14). 

From Kiessling’s (28) and Lukas’s (33) results, it would seem either 
that the oxygen requirements of the embryos decreased during after- 
ripening, or else that increasing permeability of the coat structures 
during the after-ripening rendered oxygen in a given partial pressure 
more available for the use of the embryo. Atwood’s (7) results show 
that the latter is probably the case with wild oats, while the work of 
the Japanese workers favors the former explanation with rice. 

In this investigation, increased partial pressures of oxygen were used 
in testing the germination capacity of a number of not after-ripened 
samples of wheat. The apparatus used consisted of a small battery 
jar inverted within a larger battery jar so that two or three litres of 
gas was imprisoned over a water seal. The grain was tested on moist 
blotting paper in open Petri dishes floated on large corks within the 
small inverted battery jars, using 100 grains for each test. Increasing 
the percentage of oxygen in the atmosphere to 36 per cent had appar- 
ently the maximum effect on germination. With this percentage 85 
per cent of one sample of wheat germinated in five days against 44 per 
cent with the normal 20 per cent of oxygen, while the amount of growth 
was nearly twice as great. With higher partial pressures of oxygen, the 
percentage of germination was about the same as with 36 per cent, but 
the rate of growth was less. 


WATER CONTENT IN RELATION TO GERMINATION 


Some of the earlier workers on after-ripening of cereals and the effect of 
artificial drying attempted to establish a relation between the moisture 
content of the seeds or alternations therein immediately preceding the 
germination test on the one hand and germination on the other hand. 
As shown in a previous section, artificial drying has usually had a bene- 
* ficial. effect... However, Atwood (7), Kiessling (28), Kondo (30) and 
- others have shown jé atticles already cited that ‘after- -ripening takes place 
also when, loss of*water is prevented or even when more water is absorbed 
by the.grain durigg the period of after-ripening. Besides the frequently 
favorable-efféct of presoaking as well as of drying is opposed to the view 
that- the gerumpating capacity of not after-ripened grain is quantitatively 
related to its.water-coaitent at the time the germination test is made. The 
relations involved $'deeper, are less simple, and involve many other fac- 
tors than moisture. 





orm -= Ormts 


PP a ae ae a. a a ee ee |) 


ae ee — 


ww 


on 


7 “ae 





Jan. 13, 1923 Forcing the Germinaiion of Freshly Harvested Wheat 93 





The author has found no quantitative relation between moisture con- 
tent and germinating capacity. For instance, some samples of wheat 
collected from the shocks with 12 to 13 per cent moisture content ger- 
minated well at room temperature soon after collection, before their 
moisture content had fallen appreciably, while other samples collected 
and tested at the same time under the same conditions and with the same 
moisture content at the beginning of the test germinated poorly. Under 
proper treatment or after a period of after-ripening the latter germinated 
as well as the former. 

In Table VI the germination data for a number of samples tested at the 
same time at room temperature are arranged according to the moisture 
content of the samples on moist-weight basis at the time the test was 
begun. Although there is a general falling off of germination with in- 
creasing water content, the water content groups overlap in regard to 
germination. All of the 11 samples falling in the last column (greater 
than 14 per cent moisture) were collected from the standing grain and 
tested within six days after collection. The relations between moisture 
content and germination are further illustrated by the data for individual 
samples in Table VII. 


RATE OF AFTER-RIPENING: POSSIBLE VARIETAL DIFFERENCES 


Attberg (6) stated that cereals may pass the entiré winter in ordinary 
dry storage without becoming fully ripe (using “ripe” in the sense that 
he considers after-ripening as but a continuation of normal ripening pro- 
cesses), and that 1 or 2 months’ drying at room temperature may be 
necessary. Kinzel (29) stated that oats reached their full germinating 
capacity in 2 months, but their full germinating energy only after 8 or 10 
months. 


TABLE VI.—Germination of freshly harvested cereals of different moisture content in 5 days 
at room temperature 


At moisture content of— 


— 





10 to 11 11 to1a tato13 | 13to1m | Greater 
per cent. | percent. percent. | percent. | than 14. ; 
Wheat: 
Number of samples. ................ 8 6 9 6 | 6 
Percentage of germination— | 
PROMEEC 6 cass ¢cex eet secures.s « 95 93 73 59 | 26 
MEIC cee Greet esa vceeke sta 100 100 100 | 98 52 
INNS 5. eee ve tees pate 86 84 26 | 28 ° 
Oats: | | 
Number of samples. ...........00. © I 3 | I 2 
Percentage of germination— 
SEVERED Suc Gs Ces Ce ecup edhe vceleeb as ses 70 75 | 48 64 
ee aE eae Peer eee) Cerri BON 6 2iat go 
DOU os id sicker anes Me salan che vole sinters sist Stes bedvinn ews | 38 
Barley: 
Number of samples............... o° | ° | I a 3 
Percentage of germination— | 
MTOGE NS F085 0 IVE LER 16 deEAG| Baede ds | 100 100 | II 
DEREINS oinis eddie sine clade bbes s eune Jevsceeeelececeeeeleceeeeen| 16 
PAR vic tusn cu pbhins een oeubess ethic Linetdneelsadences| tenons! 8 
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TABLE VII.—Variety, length of time harvested, moisture content, and germination of 
wheat samples 











| 
| Number 
Percent- 

Sample No. | Variety. “—_ age - | pice 

| cutting. : | 
——j eneers — 

| | 
. aemaen hele "0 de SeehenGirTN OS sare CREE 34 12.5 |} 94 in 4 days. 
ES PR ERR ere ae ene oer ee ee 34 13.4 | 86 in 4 days. 
W774... Winter (Wisconsin et 2 See 34 13.3 | 42 in 5 days. 
re Bae. OBESE Secs arin cares a 34 12.8 | 56 in 5 days. 
eee Gere OO er | 34 13.3 | 98 in 2 days. 
WAGs osxes|eeiaad ODEs) scies ce ee REN eae eas BOs Revere 28 in 5 days. 
We soc ovik glns ie A Meamasiie teak desh ences dee toes | 30 13.4 | 40in 5 days. 
a Spring (Kruger’s)Wisconsin Wonder).| 25 12.9 | 100 ia 2 days. 
Ce Winter (Turkey Red)....... pale setae | 24 10.8 | 94 in 2 days. 
Pe eee ea Meier e cases sana tee sins 23 10.3 | 92 in 4 days. 
Wg....-...| Spring (Blue Ribbon). ...............| 17 13.2 | §2 in 5 days. 
, ee nae MMR accep arsie sis cispcivisicte | 17 12.9} 26in 5 days. 
W,24 Aas ee Seman ah baa Gash A bmeaeS ois 2 28.9 | 10 in 6 days. 
W,;° |. = FE en tere ea ere a ee eee | 4 20.4 | 16in 5 days. 
Wis ‘Volunteer in oat field. . | 4 15.0 | 52 in 5 days. 
W, ics aL a fas lacie steals eNie'pia srs'aun etek 5| 17-1 | 24in 5 days. 
Wie SNR ass 1250s ais aan's CaP AN e oS melanie os 6; 23.8] soins days. 
Wi7°¢ LE UMMOS Fans SRS RSERLON Ee Reese nee Ca ere 5| 14.7] 14in 5 days. 


@ Wi was hoe the nian and V Ws dom the inside of the same bunch; W, from the top and Ws from 
the bottom of the same bunch. 

> Wis was collected from same field as Wis but was greener. 

© Wir was from the same field as Wie but was standing and was somewhat better grains than Wie. Wie 
had been cut the preceding day. 

4 Wi: to Wiz were collected from standing grain on a rainy day and stored in the heads in heavy envelopes 
until the day of the test for germination. 





Table VII presents such data as are available regarding rate of after- 
ripening arranged according to the length of time which had elapsed be- 
tween cutting the grain or collecting the samples and the first germina- 
tion test. The tests were made simultaneously at room temperature. 
On account of the lack of time, none of these samples were systemati- 
cally retested at intervals to keep track of the rate of after-ripening. 

There is no quantitative relation between the lapse of time since cut- 
ting and germinating capacity. The data suggest such varietal differences 
as have been described by Kiessling (28), who found striking differences, 
constant from year to year, in the initial dormancy and rate of after- 
ripening of different varieties and pure strains of wheat, oats, and barley 
and related these differences to differences in winter hardiness in case of 
winter wheat. Some varieties of barley after-ripened fully in two weeks, 
while others required more than two months. So far as the data in 
Table VII go, they indicated that Turkey Red winter wheat and espe- 
cially Kruger’s Wisconsin Wonder spring wheat are quickly after- 
ripening varieties; Marquis spring wheat and Wisconsin No. 2 winter 
wheat are slowly after-ripening varieties. According to Kiessling’s (28) 
observations, the quickly after-ripening varieties, germinating sooner and 
more uniformly and becoming better established before the advent of cold 
weather, are also those recognized as the more hardy varieties. On this 
basis, Turkey Red ought to be more resistant to severe winters than 
Wisconsin No. % which is a strain isolated from Turkey Red stock. 
This condition is the reverse of what actually obtains in Wisconsin but is 
a matter which would undoubtedly vary in different localities and with 
grain from different sources. This suggested relation ought to be fol- 
lowed up in further investigations. 
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DISCUSSION 


The work reported in this paper does not warrant an attempt to discuss 
in any detail the processes involved in after-ripening of the cereals or the 
numerous hypotheses previously offered to explain either these processes 
or the unanalyzed fact of after-ripening. Previous work by others has 
been cited when it was sufficiently related to the work herein reported. 
The enzymic theory of after-ripening has been almost entirely neglected 
in the references to the literature, not because this theory does not 
deserve mention but because the investigation did not touch on that 
phase of the general problem. The principal aim has been to present 
the results which are of value in the practise of seed testing and to fortify 
these results by citations of the results of others rather than to illumine 
or to explain the physiology of after-ripening or of germination. 

All of the treatments which were of value in increasing the germination 
of the incompletely after-ripened cereals may logically be considered in 
connection with their oxygen and water requirements if we consider the 
effect of dry heating to be to increase the permeability of coat structures 
to oxygen. But there is no proof that heating has this effect. It may 
act in a more direct way on the embryo. In like manner in the other 
beneficial treatments effects upon the embryo protoplasm are not always 
out of the question. The bulk of the evidence does, however, seem to 
favor an explanation in which oxygen and water relations are involved 
and coat effects are important. Oxygen relations appear to be especially 
important. Since the cereals investigated seem under any conditions to 
absorb much more water during the germination test than the minimum 
required for their germination and since increased oxygen forced germina- 
tion it seems probable that moisture and imbibition effects were related 
to the effects upon oxygen relations and respiration. Since the grain 
can be forced to germination and vigorous growth at any time, it does not 
seem that a storage of oxygen is a necessary part of after-ripening as 
postulated by Hoffman (23). The more probable explanation is that the 
treatments which force germination merely bring about the necessary 
increase in oxygen supply by removing coat structures or increasing their 
permeability to oxygen and that this change in permeability of the coat 
occurs also in normal after-ripening. Kiessling’s (28) results with heating, 
with and without loss of moisture and in atmospheres of various compo- 
sitions, upon which his stimulus hypothesis of the effect of heating is 
based are at least as readily explained on the basis of coat permeabilities. 
This is the situation which Atwood (7) found with wild oats, but it does 
not hold good for rice with which there must be either a storage of oxygen 
or a decrease in oxygen requirements during after-ripening. 

Windisch (44), neglecting coat factors, lays emphasis on cell-wall 
permeability factors within the grain, which influence osmotic move- 
ments of nutrients. Windisch’s hypothesis is not in consonance with 
the ready germination of the fresh grain when coat structures are 
removed or weakened. 

The interrelations between moisture content, temperature, coat char- 
acteristics and changes therein, oxygen intake, rate of imbibition, rate 
and character of respiratory exchanges, response of the protoplasm to 
wounding and to the other treatments, changes in food reserves, the 
formation and activation of enzyms during the period of after-ripening 
and under both normal and forced germination ought to be thoroughly 
investigated, as well as the effects of the different treatments so far as 
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possible upon seedling vigor, upon the development of the resulting 
plant, and upon crop yield. The work of Kidd and West (26) in bringing 
together under the head of ‘‘ Physiological predetermination” the result 
of previous work hearing on the latter subject, as well as the work 
referred to on previous pages, emphasizes the probability that the periods 
of maturation and germination of the seed, and perhaps also the inter- 
vening period of after-ripening, may be about the most impressionable 
stages in the life history of the plant for the reception of influences 
which are capable of modifying fundamentally the whole future course 
of its development. In future investigations along this line possible 
varietal differences should always be kept in mind. 


SUMMARY 


(1) Newly harvested cereals frequently do not germinate well at 20° C. 
or above under the ordinary conditions for germination tests. ‘This fact 
has caused difficulty in administering State seed laws in the winter- 
wheat areas where harvesting precedes sowing by only a few weeks and 
the current crop is used for seeding. 

(2) The embryos of the cereals investigated are never essentially 
dormant, dormancy being imposed by coat structures. 

(3) Artificial dry heating, opening the coat structures over the embryo 
with incidental wounding of the scutella, and cutting off the distal ends, 
were effective in varying degree in inducing the germination of not after- 
ripened or partially after-ripened wheat, oats, and barley at room tem- 
perature. 

(4) Removal or weakening of the coat structures over the embryos of 
wheat by the use of sulphuric acid was exceedingly efiective in inducing 
complete germination in a minimum length of time. 

(5) Artificial drying, to be completely effective, must be continued 
for a week or more and thus unduly delays the germination tests. 

(6) Removal of the scales from oats and barley increased their germina- 
tion somewhat, and removing the loose pericarp and tegumentary struc- 
tures over dormant barley embryos caused complete germination at 
room temperature. 

(7) Increased oxygen pressure in the atmosphere greatly increased the 
germination at room temperature of partially after-ripened wheat. 

(8) The mechanical treatments, wounding and corrosion with sulphuric 
acid are very tedious processes and entail great danger of subsequent 
decay. 

(9) Presoaking for even one hour in excess of water accelerated the 
germination of partially after-ripened wheat, oats, and barley but 
decreased the total germination. The soaking increased the rate of 
imbibition, and apparently the injurious effect upon total germination 
was the result of limiting gaseous exchanges by saturation of the surface 
layers of the grain with unaerated water. Presoaking half an hour in 
running aerated water did not seem to have any ill effect. 

(10) For the germination of not after-ripened cereals, the seed bed 
should be such as to supply abundant water available for rapid absorption 
by the grain, but to do this without flooding the grain. Somewhat 
supersaturated absorbent cotton in Petri dishes satisfies these require- 
ments if the grain is placed lightly on top of the cotton. Barely saturated 
blotters give equally good results if the grain is placed between the 
blotters, but not if the grain is placed on top of the blotters. 
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isin’ A temperature esi lower than 20° C. is much more 
satisfactory than 20° or higher for the germination of freshly harvested 
wheat, oats, and barley. Wheat responds to the low temperatures 
more uniformly than oats or barley. Nearly all fresh samples of wheat 
can be satisfactorily tested for germination at from 12° to 16° without 
previous treatment and without undue loss of time. With barley and 
oats the time required is longer, and it may sometimes be desirable to 
precede the germination test by dry heating. 

(12) There is no quantitative relation between water content and 
germinability. After-ripening progresses at the same time as normal 
loss of water during curing of the grain, but not primarily as a result 
thereof. It occurs also at a modified rate when water loss is prevented 
or slight water absorption is caused. 

(13) Some samples after-ripen much more quickly than others. The 
rates of after-ripening may be varietal characteristics and may be related 
to winter hardiness under some climatic conditions. 

(14) Oxygen relations appear to be very important in the germination 
of not after-ripened cereals. The beneficial effects of mechanical treat- 
ments and of artificial drying and heating are probably related to in- 
creased oxygen supply to the embryo. It seems likely also that the 
permeability of coat structures to oxygen increases during after- -ripening 
and that this increased permeability is related to the improved germi- 
nation. 
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A NEW AND EFFICIENT RESPIROMETER FOR SEEDS AND 
OTHER SMALL OBJECTS: DIRECTIONS FOR ITS USE! 


By GeorcE T. HARRINGTON, formerly Scientific Assistant, Seed-Testing Laboratories 
and Wii11AM CrockEr, formerly Plant Physiologist, Drug-Plant, Poisonous Plant, 
Physiological, and Fermentation Investigations, Bureau of Plant Industry, United 
States Department of Agriculture 


PREVIOUS RESPIRATION APPARATUSES 


In the study of the dormancy, after-ripening, and germination of 
seeds, quantitative studies of their respiration are of major importance. 
For such studies on seeds and other small objects, a great many devices 
have been used, but none of them is perfectly adapted for the kind of 
studies the authors desired to make. Hence, the attempt to devise a 
new apparatus which would meet our requirements. Some of the appa- 
ratuses previously used, with their limitations, are indicated below. 
They are grouped according to the principle involved in the method. 


(1) DEVICES FOR ABSORBING WITH CAUSTIC THE CARBON DIOXID (CO,) 
RESPIRED INTO A STREAM OF CO,-FREE AIR, OR OTHER GAS OR MIXTURE 
OF GASES, WHICH IS CONSTANTLY BEING DRAWN THROUGH THE APPA- 
RATUS CONTAINING THE RESPIRING MATERIAL WITH SUBSEQUENT 
DETERMINATION OF THE AMOUNT OF THIS ABSORBED CO, BY TITRATION 
OR BY FILTERING AND WEIGHING THE CARBONATE 


Among the earliest, most widely known, and most generally used of 
these devices are the long inclined tubes first used by Pettenkofer (27),? 
and later somewhat modified by Pfeffer (22). These tubes, with or 
without modification, and combined with appropriate special devices 
for incubation of the experimental material, and for controlling the pres- 
sure when necessary, have been used by a large number of investigators 
in important studies on carbon assimilation and normal and intra- 
molecular respiration. Winkler’s modification in Hempel (zr) of the 
Pettenkofer tube consists in bending it into the shape of a spiral so that 
it is easier to use. 

Other devices which have been much used for the absorption of CO, 
in a stream of air which had been drawn through the receptacle containing 
the respiring material consist of vertical towers of caustic solution. 
The tower invented by Reiset (23) has three multiperforate disks of plati- 
num inserted to interrupt the stream of air and break it up into small 
droplets, thus insuring complete removal of the CO,. Reiset tubes have 
been used by Brown and Escombe (3) in their important work on the 
energetics of green leaves, and by many others. 

Recently, Gurjar (7) has adopted Truog’s absorption tower, first used 
in soil analyses, for use in respiration studies. This tower consists 
simply of a vertical glass tube, ground into the neck of the flask which 
carries the caustic solution and filled to any desired height with glass 
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beads which break up the current of air as it rises and take the place of 
the platinum disks of the Reiset tubes. 

Sachs (in Grafe, 6) drew the respired air through a series of simple 
absorption bottles, Kostytschew (z3) used Giessler bulbs, and many 
other devices have been used by others. 

With sufficiently large quantities of actively respiring material, appa- 
ratuses of this type are excellent for determining one side of the respiratory 
reaction. They have the advantage of avoiding the disturbing effects 
of changes in the partial pressures of oxygen and CO,, but they neglect 
entirely the question of the amount of oxygen absorbed by the respiring 
material, which is quite as important as, and not always in proportion to, 
the amount of CO, given off. 

Furthermore, they are not adapted for use with limited quantities of 
very small or relatively inactive seeds, as the amount of CO, given off 
in reasonable time may in this case fall within the limits of error of the 
method. Unless special precautions are observed, the experimental 
errors are likely to be rather large. 


(2) ABSORPTION BY CAUSTIC SOLUTION OF THE CO, RESPIRED IN A CLOSED 
SPACE WITH OR WITHOUT SIMULTANEOUS MANOMETRIC MEASUREMENT 
OF THE OXYGEN ABSORBED 


The apparatus used by Wolkoff and Mayer (32) was simply an in- 
verted U-tube, one arm of which dipped into a dish of mercury, while 
the other arm was much enlarged and received the plant material and a 
dish of caustic solution. This end of the tube was, of course, closed dur- 
ing the experimental period, and the whole apparatus was immersed in 
a water bath. 

Godlewski (5) cultured his material in a closed flask which contained 
a dish of caustic solution and was connected with a one-arm open ma- 
nometer dipping into mercury. Stich (24) modified this apparatus for 
effective temperature control by immersion in a water bath. 

When the manometer is used, this type of apparatus gives both 
oxygen consumption and CO, production, but since the CO, is absorbed 
as rapidly as it is given off and does not therefore compensate for the 
oxygen absorbed by the respiring material, the method often involves 
relatively large changes in pressure during an experimental period; 
these pressure changes might in some cases affect the results. Besides, 
like the preceding type of apparatus, this type requires special care to 
avoid errors due to the absorption of CO, from sources other than the 
respiration of the material being studied and is not adapted for use with 
limited quantities of very small material. 


(3) INCUBATION IN A CLOSED SPACE, WHICH IS NOT SUPPLIED WITH 
EITHER CAUSTIC OR MANOMETER, WITH OCCASIONAL SAMPLING OF THE 
AIR FOR ANALYSIS IN SOME FORM OF MICRO-APPARATUS, OF WHICH 
THE BONNIER-MANGIN APPARATUS IS PERHAPS THE BEST. THIS APPA- 
RATUS AND ITS USES ARE DESCRIBED IN DETAIL BY THODAyY (26). IT 
HAS BEEN WIDELY USED DURING THE LAST 35 YEARS 


In the use of this method seeds have frequently been incubated for 
respiration in tubes inverted over mercury, but, as pointed out by one 
of us (9), the contact of the seeds with mercury may so alter their be- 
havior as to make the use of this method entirely out of the question in 
specific cases. 
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Other methods of incubation without contact with mercury are, of 
course, possible. But when the mercury is used in contact with the 
respiring seeds, even if no effect of the mercury is known, this possi- 
bility should be carefully investigated before depending upon the re- 
sults. At best the usefulness of the method is limited by the tedious- 
ness of the processes of incubation of the material and of sampling and 
analysis of the gas. 


(4) MICRO-RESPIROMETERS, THE ESSENTIAL FEATURE OF WHICH IS THE 
USE OF VERY SMALL QUANTITIES OF GAS OR THE DETECTION OF VERY 
SLIGHT CHANGES IN ITS COMPOSITION 


Thunberg’s unnecessarily complicated apparatus (27), modeled on 
Peterson’s older CO, apparatus, consists of two connected pipettes of 
similar size—one for analysis of the gas and the other for pressure com- 
pensation—each connected with a capillary tube and adjustable bulb of 
mercury. ‘Thunberg’s simpler apparatus, merely for demonstration of 
oxygen consumption (28), was modified by Winterstein (37), to allow 
the introduction of artificial atmospheres and further modified by Wid- 
mark (30) for accurate quantitative work with very small gaseous ex- 
changes. As used by Widmark it is still too cumbersome for general 
use; one half of the apparatus serves merely as a compensator for the 
other half, in which the respiring material is incubated, and the results 
obtained are vitiated by the fact that oxygen consumption and CO, 
production are studied in duplicate lots of material instead of in identical 
material, or, if in the same material, then in alternate instead of identical 
periods. Besides, it seems probable that this apparatus could not be 
used when the gaseous exchange is as large as in most studies with moist 
seeds. 

Tashiro (26) described two apparatuses which he claims will detect 
1X10~gr. of CO, by absorption in a small drop of barium-hydrate 
solution. ‘The author claims the possibility of accurate estimation of the 
amount of CO, by a series of trials in any given case. These apparatuses 
can not be used with as large quantities of CO, as are usually involved 
in respiration studies without extraordinarily large multiplication of ex- 
perimental errors; they are relatively complicated and expensive; they 
take no account of the oxygen consumption; and in spite of the author’s 
claim to the contracry, they’seem to be adapted only to rather roughly 
approximate estimation even of the CO, given off. 

Winkler, long ago, described a very sensitive chemical method for 
determining the percentage of oxygen in solutions, using alkaline potas- 
sium iodid, manganese chlorid, and hydrochloric acid. Recently, 
Osterhout and Haas (20) adapted this method for use in biological work 
with aquatic organisms. ‘This method is at best too complicated for use 
when any other method is available. It is not adapted for use with other 
than aquatic organisms, and it neglects determining the CO, produced 
in respiration. 

Warburg (29), by substituting a short column of hot N/8o baryta water 
for the long column of the cold N/zo, was able to determine small amounts 
of respired CO, with a maximum experimental error not exceeding 0.1 
mgm. or 0.05 cc. CO,,. 

Later, Krogh (14) developed a manometric apparatus which he de- 
scribed as “the simplest form of the closed-space respiration apparatus.”’ 
Like Thunberg’s apparatus and its various modifications, it makes use of 
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the principle of the compensating chamber to avoid the necessity of 
correcting for barometric and temperature changes. It is said to be 
sensitive enough to follow the oxygen absorption by a single insect egg 
weighing 2 mgm. in 10-hour periods. Krogh also described a later modi- 
fication of Winterstein’s apparatus which he says can be made even more 
sensitive than the Krogh apparatus. 

Very recently, Lund (16) has developed a very simple apparatus for 
following the CO, production by small objects by titration of baryta water. 
With proper manipulation, it is very sensitive, but, like the other purely 
chemical methods, Lund’s method requires special care to avoid errors 
due to the absorption of CO, from sources other than the respiring 
material, or errors from other sources. It also neglects oxygen con- 
sumption. 

The range of some of the apparatuses of the micro type is sufficient to 
adapt them for much of the work on the respiration of seeds, but none of 
them provides for simultaneous determination of both sides of the 
respiratory exchange in the same material. 


(5) INDICATOR METHODS 


Doctor Haas (8) and Professor Osterhout (17) recently perfected an in- 
dicator method which is very sensitive in detecting small quantities of CO, 
respired. Their method is especially adapted for use in investigations 
in which only the comparative rate of production of CO, under different 
conditions is to be studied. It has the advantage of sufficient sensitive- 
ness so that the experimental time can be very short, a matter frequently 
of prime importance; and the small amount of time required for the 
manipulation of the apparatus adapts the method for rapid and sj mul- 
taneous determinations in several different experiments. By means of 
special calibrations and a sampling device the apparatus can be used for 
the approximate determination of the absolute amounts of oxygen 
absorbed and CO, produced; but this is not its special use. Indicator 
methods for the determination of the oxygen absorbed by the respiring 
material have also been described by Osterhout (78) and by Harvey (z0), 
but these present certain grave objections and at best are not available 
for simultaneous determination of the CO, produced. The use of the 
indicator method for accurate measurement even of CO, output requires 
constant care to avoid errors due to buffer effects (9) or to the possible 
production of acid-reacting substances other than CO, or of alkaline- 
reacting substances. 

In view of the limitations of the apparatuses previously used in inves- 
tigations of respiration, we undertook to develop a new apparatus which 
would be simple, easy to use, and free from as many as possible of the 
objections which other apparatuses presented. With our apparatus, as 
described on the following pages, oxygen consumption and CO, produc- 
tion are determined in the same apparatus and for the same period of 
time, using the whole volume of air instead of a sample. Both sides of 
the respiratory exchanges are therefore followed in identical material 
and without multiplication of experimental errors. The gaseous ex- 
changes are determined at the end of an experimental period by means 
of a manometer, which is an integral part of the apparatus, somewhat 
on the plan of Bunzell’s oxidase apparatus (4). Since the CO, given off 
by the respiring material accumulates and tends to compensate for the 
oxygen absorbed by it no large changes in pressure occur during any 
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one experimental period. By making the pressure readings the basis 
of direct calculations both of oxygen consumed and of CO, given off the 
multiplication of operations and errors involved in a combination of 
manometric and analytic methods as used by Bonnier and Mangin (2) 
and by Aubert (z) is avoided. A number of different forms of apparatus 
embodying these principles have been constructed and tried, the one 
here described being finally adopted as giving most satisfactory results. 
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Fic. 1.—Drawing of a respirometer, large size (75 to 80 cc.). 
DESCRIPTION OF THE APPARATUS 


The apparatus (fig. 1) consists of (1) a cylindrical glass tube (A), in 
the form of a bottle, which is closed by a ground glass stopper(B), 
upon which are mounted a short open manometer of 2-mm. bore (C),° 
and an inlet or leveling tube (D) provided with a small chamber (E) for 
the reception of the caustic which is to be used for the absorption of 
the CO,; and (2) a one-piece porcelain container (F) for the seeds. 


8 The bore of the manometers should be at least 2 mm, and may be 2.5, or 3 mm. If the bore is less 
than 2 mm., the mercury does nor move freely enough to insure accurate work. 
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This seed container is in the form of an inverted crucible with a plate 
perforated with about 40 holes 1 mm. in diameter (G) inserted 5 mm. 
above the open base, and a ring at the top (H) by which, with the use 
of a bent needle or other suitable hook, to raise it or lower it in the tube 
(A). In one side of this inverted crucible is an opening (I), reaching 
from its top to 5 mm. above the perforated plate (G) and covering about 
120 angular degrees. 






a lie 
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Fic. 2.—Median section of a carrier for eight respirometers. 


ty 


The seed container rests upon nibs (K) pushed into the sides of the 
tube (A). The tall, slightly flaring top (L) of this tube provides for 
reinforcing the ground glass joint by a mercury seal. 

We have used this apparatus in three sizes of about 20-cc., 40-cc., and 
80-cce. capacity. The tube diameter of all three sizes is 3 cm., so that 
one size of seed container can be used for all. This simplifies their 
manufacture and makes them less expensive. With the smallest size, 
however, the nibs, which support the seed container in the other sizes, 
are replaced by a very low glass tripod, and the ring at the top of the 
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seed container has to be omitted. These small apparatuses are so short 
that the seed containers can be handled by inserting an appropriate 
hook into the cut-out which receives the seeds, whereas in the larger 
apparatuses the ring at the top is necessary. 

The respiration apparatuses by themseives are hard to handle, so the 
carrier shown in median section in figure 2 was devised for use with any 
number up to eight at one time. Into threaded holes bored through a 
circular cast aluminum base (A) % inch thick and 9 inches in diameter 
are screwed nine posts, which consist of pieces of 44-inch, heavy-walled 
brass tubing (B, B’). The tall central post (B) with the T connection 
serves as a handle, while to the other eight posts, covered with %-inch 
thick-walled webb rubber tubing, the eight respiration apparatuses are 
bound with heavy rubber bands. A number of thicknesses of old rubber 
matting (C, C’) appropriately placed, and all but the bottom one fur- 
nished with eight holes a little larger than the combined sizes of one of 
the brass posts and a respiration apparatus, hold the respirometers up- 
right and protect them from the breakage which might be caused by 
bumping on metal. 

The upper diaphragm of rubber matting (C’) is stiffened by an under- 
lying diaphragm of sheet aluminum or other appropriate material (C’’) 
and is held at the proper height by short pieces of rubber tubing (D, D’) 
on the brass posts. The holes in the bottom of the aluminum base are 
partially closed with small pure gum rubber tubing (E, E) and any one 
of the eight short hollow posts then serves for the reception of the ther- 
mometer (F). In case of fluctuations of temperature, this thermometer 
should not be depended upon to register the temperature of the water 
outside of the tubular post in which it is inserted. 


OPERATION OF THE APPARATUS 


The respiration tubes (fig. 1, A) having been provided with heavy 
rubber bands, the seed containers with their load of imbibed and sterilized 
seeds are lowered into place, and the contents of the apparatuses are 
rapidly aerated by drawing through each a strong current of air. The 
vasalined ground glass stoppers with the stopcocks opened and the 
caustic chambers unstoppered are rapidly put in place, forcing each down 
as far as it will go with a gentle twisting motion and placing them so that 
the bent delivery tubes (fig. 1, M) from the caustic chambers will deliver 
onto the closed side of the seed containers. As soon as its top is in place, 
each apparatus is bound to its post. The whole battery is now sub- 
merged in the water bath, so that the water covers the tops of the res- 
piration tubes, and the mercury is poured into these tops. As soon as 
the whole battery has come to the temperature of the water bath, which 
may be hastened by gently raising and lowering it, the stopcocks in the 
leveling tubes are closed, care being taken to see that the respirometers 
stand vertically and that the mercury is at the same level in the two arms 
of each manometer, the caustic chambers are stoppered, and the baro- 
metric pressure of the room is recorded. 

After an appropriate length of time, which will usually be not less than 
24 hours, from 1 to 3 cc. as required of 20 per cent sodium hydroxid 
(NaOH) is measured into each caustic chamber, leaving the stoppers 
out; the manometers are gently tapped to see that the mercury moves 
freely to its proper level; manometer readings are taken by holding a 
scale behind the manometer; the caustic is cautiously admitted into the 
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respiration tubes; a short interval, during which the barometer may be 
read, is allowed for complete absorption; and the manometers are again 
gently tapped and read. 

From the manometer and barometer readings, the temperature used 
in the experiment, and the net volumes of the apparatuses,‘ corrected 
for the volumes of the respiring material and of the caustic which was 
admitted, and for the changed positions of the mercury in the ma- 
nometers,* the three significant volumes of air under standard conditions 
(0° C. at 760-mm. pressure) can be computed. From these three volumes 
the volume of oxygen absorbed, the volume of CO, given off, and the res- 


do 
piratory quotient (S ') are easily derived. 
2 


If extreme accuracy is desired, CO,-free air may be introduced at the 
beginning ° and further corrections may be introduced for the fact 
that the period for CO, production, from the putting of the apparatuses 
together to the making of the second manometer reading, is slightly 
longer than that for oxygen consumption, from the closing of the stop- 
cocks to the time of the second manometer reading, and for the further 
fact that the volume determined for CO, respired includes also oxygen 
absorbed during the very short interval between making the first and 
second manometer readings. 

Since the volume of oxygen absorbed is usually greater than that of 
CO, given off, the reduction of pressure thus brought about in the 
respirometer starts the flow of caustic when the stopcock is opened, and 
the absorption of CO, also aids in the introduction of the caustic. It is 
sometimes necessary, however, to force the last of the caustic down by 
gently blowing into the caustic chamber through a rubber tube slipped 
over its top. 

The caustic, running down the side of the respirometer its entire length 
and over the top of the seed container, insures rapid absorption of the 
CO,. Meantime, the roof of the seed container and the edge which pro- 
trudes below its perforated plate protects the seeds completely from 
contact with the caustic. 

After a complete determination the battery of respirometers is removed 
from the water bath, stopcocks are opened, the mercury seals are removed 
by suction into a suction flask used as a trap, and the apparatuses are 
taken apart, emptied, and washed with a dilute acid and then with water. 
The seed containers may be washed by pouring acid over them without 
disturbing the seeds, and then both seeds and containers may be further 
washed under a stream of water by inserting them into Gooch crucibles 
in such a manner that the open sides of the containers are closed against 
the sides of the crucibles and the loss of seeds thus prevented. 

The containers and seeds are now ready to be returned to the cleaned 
respirometers for another period of respiration. 








‘ The net air capacity of each apparatus with the seed container in place is determined from the weight 
of the water it takes to fill it and is corrected for each experiment by subtracting the volumes of the 
respiring material. 

® If the bore of the manometer tube is just 2 mm., a change of 3.185 mm. in the height of the mercury on 
the side toward the respiration chamber—that is, a difference of 6.37 mm. in the height of the mercury in 
the two arms of the manometer—corresponds to a change of 0.01 c. c. in the uncorrected volume of the air 
in the apparatus. 

§ The COs in normal air would make a difference of only o.2 mm. on the manometer, which is not much 
above the limit of error in adjustment and reading, and would, under the method adopted, affect the values 
for oxygen consumption and COs production alike. It is believed that leaving a vessel of strong caustic 
solution exposed to the air for a few hours near where the apparatus is to be set up, and then aerating the 
apparatus and respiring material with air drawn from the open room over this caustic solution, reduces 
the error from atmospheric CO2 well below the lowest possible limits of error. This is the procedure 
adopted in the work reported in the following article. 
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These respirometers are adapted for use with small material which 
does not have to be studied under aquatic conditions, provided it is not 
markedly sensitive to reduction in the partial pressure of oxygen or to 
increase in that of CO,. Some seeds, however, are so small as to pass 
through the 1-mm. holes of the seed container. For use with such 
material, the perforations can be partially closed with paraffine. The 
change in the total pressure of all gases is always small. The manipu- 
lations and observations can be performed rapidly and the admittedly 
somewhat tedious computations may be delayed to suit one’s convenience. 

The apparatuses could probably be adapted for use with aquatic 
organisms, at least in certain cases, by substituting an appropriate 
container for the perforated seed container. They are probably not 
sufficiently sensitive for use in such work, as, for instance, that of Lund 
(75) with Paramecia, where the total differences in CO, production to 
be measured are sometimes such as would correspond to less than 1-cm., 
change in pressure as registered on the manometer of the smallest of the 
apparatuses here described, or about ten time the possible experimental 
error. In sensitiveness and therefore in the character of work for which 
they are adapted, they are intermediate between the apparatuses used 
for large objects and those of the micro type. 

Plate 1 is a photograph of the carrier with two respirometers and a 
thermometer in place. To facilitate the reading of the manometers, 
which will almost invariably show some reduction in pressure, the res- 
pirometers were so constructed that their manometers are turned to the 
left when the stopcocks in the caustic chambers face outward or away 
from the tall central post. 

The usefulness of the apparatus, as here described, can be greatly 
extended by attaching to the bottom of the respiration tube a side arm 
with stopcock for use in the introduction of artificial atmospheres. For 
work with artificial atmospheres it is desirable also to omit the short 
delivery tube (fig. 1,M) below the caustic chamber in order to facilitate the 
complete sweeping out of the original atmosphere. We have a few of 
the apparatuses in this modified form and have used them with good 
results, although they embody also some of the less desirable features of 
our earlier attempts. 

The apparatus obviously can not be used except at approximately 
atmospheric pressure, though the proportions and nature of the gases 
present can be altered. For the study of respiration at greatly reduced 
or increased total pressures other forms of apparatus must be used. It 
will always be true, however, that the great bulk of the work on respi- 
ration will be done at atmospheric pressure. 


FORMULAE FOR CALCULATION OF THE RESULTS OF RESPIRATION 
EXPERIMENTS 
The following formulae can conveniently be used: 
1. For the reduction of volumes to 0° C. and 760-mm. mercury 
pressure. 
Web tf eee oY: 
(1) Vol. 39= Vol. x(se (27348) 
sad 1, (92-3592 P\ | 
Vol. 2» 27341 
in which ¢ and P represent the temperature of the bath in degrees centi- 
grade and the pressure of the gas in millimeters of mercury. The 
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expression ret i 


temperature. Substituting F in (1) gives: 
(2) Vol. 79= Vol. $x FX P. 


Values for F for different temperatures have been determined and 
are given here for convenience in calculations. 


represents a factor F which is constant for any given 


F for 0° C.=0.001316 
for 5° C.=0.001292 
for 10° C.=0.001269 
for 15° C.=0.001247 
for 20° C.=0.001226 
for 25° C.=0.001205 
for 30° C.=0.001185° 
for 35° C.=0.001166 
Values for F for intermediate temperatures can be derived with suffici- 
ent accuracy by interpolation in the series given. 


2. For changing from gas volumes to milligrams per gram dry weight 
per 24 hours. 


Let a=number of cubic centimeters at 0° C. 760 mm. 
b=weight in milligrams of 1 cubic centimeter at 0° C. 760 mm. 
c=dry weight in milligrams of respiring material 
h =respiration period in hours. 

(3) % 7 °) (2 )=2- milligrams per gram dry weight in 24 hours. 


For oxygen, b= 1.4289; for CO,, b= 1.9768. 


By substitution of these values and the use of Y in place of one X, 
equation (3) becomes; 


24 X 1.4289 X 1,000 a _ 34293.6 a . 


(4a) X= on ry for oxygen. 
(4b) Y= 24 XI. OTOS X10 1,000 @ = 174432 | a for CO,. 


3. For calculating temperature coefficients. Either of the formulae 
given by Kanitz (12) and reported by Denny may be used. Kanitz’s 


\ 
second formula is 0,,= (Kyi in which K, represents the rate of any 


1 
reaction at temperature ¢, and K, represents the rate of the same reac- 
tion at temperature ¢,. The easiest form in which to use this equation 
in logarithmic solutions is 


10 
(5) Log Oy= (Log K,—Log K,) (;7°,). 
With the simplified equations (2), (4a), (4b), and (5) all of the com- 
putations can be easily performed. 
RECORDING DATA AND CALCULATING RESULTS 


Before beginning a respiration experiment the following data must 
be determined or provision made for its determination: 

1. The volume of air in each apparatus without the respiring material 
(to 0.1 cc.). 
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2. Volume of the respiring material (to 0.1 cc.). 

3. Net volume of air in the apparatus (7— 2). 

4. Weight of the respiring material (to 1 mgm.). 

5. Percentage dry weight of the respiring material (this to be deter- 
mined in material duplicating that which is used in the respiration 
experiment). 

6. Dry weight of the respiring material from (5) (to 1 mgm.). 

All necessary data must be carefully recorded at the beginning and 
end of each period of a respiration experiment. It is convenient to 
keep the data for each period in compact form on a 3 by 5 inch card 
or on a separate sheet of a 3 by 5 inch loose-leaf note book. The fol- 
lowing form is suggested: 


i I 38 oss vss v ead caees © MUNIN soins wt skews deeeedevesas 
Oe Ge A» ee eee reer ree S ROMO Ta dake ines woes 
oo kt ee werner re Pree or kre eer rrr re 
TS ROT CCT PORT TREC TEE ee ee ee 
IE oe oie vnnaceveuess eee re, oe ee epee at o°C. 
PINION OIE §¢ cic ncwencccannenecesvdsmens tee rn ce A ed Ae 
NE IND ros 6 v.cis'h cen e crinadeddcengenen re RE Cry tea Cee 
ee OTRO eee OF ic ceeecG nen We OR 6 caine oe at o°C, 
Manometer readings: 1 ......... S Micndeswete oe eS epee Me ae waldvin oe 


Wee MECN COIIIRG 6 a5 0's nc ss seus boledeac es sheeenpaw deena dang teeal 
Fe OTT Re ee Ne to PPO Pere 
i. err mere Tet tse ror Vere. se ere 


COO ee ee meee ee eee eee Hee EE HEE HEE HEHEHE HEHEHE HEHEHE HEHEHE HEHE EEE EEE HEHEHE EEE 


The absolute net volume of an apparatus uncorrected for pressure or 
temperature is a base from which all other volumes are calculated, is 
uniform through any one set of calculations, and therefore need not be 
determined closer than to tenths of a cubic centimeter. On the contrary, 
the changes in volume of the gas it contains, corrected to standard con- 
ditions, are the actual data for respiratory exchanges. Inaccuracies ap- 
proaching o.1 cc. in determining.these volume changes would sometimes 
seriously affect the results of an experiment. All volume computations 
should therefore be carried to hundredths of a cubic centimeter. For 
the same reason corrections of apparent volume for the changed posi- 
tions of the mercury in the manometers should always be made. These 
corrections will frequently amount to more than o.1 cc. The caustic 
solution used should be measured with all possible accuracy and should 
not be stronger than 20 per cent on account of the impossibility of ac- 
curate measurement of a stronger, more viscous solution. As indicated 
on a previous page, corrections may also be introduced for the short 
periods of time between the different operations. 

Table I illustrates the calculation of gas volumes and units of respiratory 
exchanges (milligrams oxygen and CO, per gram dry weight of the 
respiring material in 24 hours) from data recorded at the beginning of 
an experiment and at the beginning and end of one experimental period. 
The data are taken from the first period of a respiration experiment with 
duplicate lots of 50 Newtown Pippin apple seeds in a very early stage of 
germination. The symbols in the left-hand margin of the table are used 
for convenient reference in later parts of the table to the quantities to 
which these symbols refer. The formulae, with their numbers, are 
taken from the preceding section. In practice the form in which these 
calculations are given can be considerably shortened. 
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TABLE 1.—Calculation of gas volumes and units (milligrams per gram dry weight in 24 


hours) of respiratory exchange 





Symbol. 


Formula (2).... 
ee Oe eee 


WOO icie cuss 


|e a 
pe erga rae 


a ee 


oy AP 


Formula (4a)... 


Formula (4b)... 











Data. No. 1. No, 2 
Volume of empty apparatus.............. 42.1cc 44.0 CC. 
Volume of imbibed seeds................ 3-4 3.4 
Volume of air in the apparatus............| 38.7. c¢e 40.6 cc. 
Weight of the imbibed seeds............. 3,052 mgm. 3,112 mgm. 
Percentage of dry weight of the imbibed 

INES. oe oes ok eae ns ett ewe totes 53 53 
Dry weight of the seeds (calculated)..... 1,618 mgm. 1,649 mgm. 
Stoppers inserted12.30 p. mi., May 27..... 

Stopcocks closed 12.45 Pp. M., May 27..... 
Temperature 19.0° C.. : ited 
Atmospheric pressure 762.2 2mm. at 2 22.5 °C. 

=759-3 mm. ato Pe. 
Manometer readings 10.00 a. m. May 29. .| +1.8 +1.3 
Caustic solution added...............000. t.e-¢e. 1.0 CC. 
Manometer readings 10.15 a. m. May 29.. —4g.5 — 23.5 
Temperature 19.0° C.. 
Atmospheric pressure 768. 2 mm.at 24° C,| 

=765.0mm. at o° C, 

| 

Vol. °760= Vol. § FL Poo... cece ee eee eel 
F =0.001247 —4/§ (0.001247 —0.001226)= 

ee Ree eee eee oie 
GN Weis soc c Oita ee.ngs oF cel ike 36.14 cc. 37.92 Cc. 

2 

001230 V; +22tPuptP, RT ere 36.50 cc. | 38.27 cc. 

.001230 V,—V, +22" §(P,+P3) .. -| 34-38 ¢e. | 36.08.e¢. 
Approximate volume oxygen=Vol. 

MONE since sas es enlenanetn. 15/6 Tanene Kt 1.79 GC, 1.84 ce. 
Approximate volume CO,=Vol.2—Vol.3. @.1gec: | “avaged. 
Length of period=h,—h,=45.75 hours. 

Period for oxygen=h,-h»>=45.50 hours. | 
Period for oxygen included with CQ,. | 
=h,-hz=0.25 hours. 
True volume oxygen= Vol, 445:75—45: 50) 
k 45-50 
WHOL, cee sine ss 0aen Ue eeeas boas esbacens 1.80cer| 1.85 cc. 
True volume CO2= Vol. 5— - se Vol; 4.) 2.14 CC. | 2.18 cc. 
° | | 
Vol.7 
Respiratory quotient -Vol.6" wseee! T.19 | 1.18 
x —34293-6a; re ee ee Cre 1.80 | 1.85 
ch — weight of seeds...... 1,618 | 1,649 
h=45-75 
X=mgm. oxygen consumed per gm. dry | | 
WEIGEE 10 Sh BOUND, 005. - sissy is vi0-satenss | 83 | 84 
y =—47443-28; a= MPR e abies o's sists6.¢5'e0 6 | 2.14 | 2.18 
ch c=Dry weight seeds....... | 1,618 | 1,649 
h=45-75 | | 
Y=mgm. CO, produced per gm. dry 
WEITUE 321 GE-POWG, 660 cds in ogcsa ese s's 1.37 1.36 
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Table II shows the calculation of temperature coefficients from an 
experiment with single lots of dormant York Imperial and Newtown 
Pippin apple seeds in successive periods at 13° and 30° C. 


TABLE II.—Calculations of temperature coefficients from data for successive periods at 
13° and 30° C. 

















York | Newtown 
Imperial. | Pippin. 
Formula (5) | 
> Ic 
Log Qi=(Log K,—Log K,) (75) | | 
K, for oxygen consumption (umnits)............... eee eee | 1.25 } 2.35 
K, for oxygen consumption (umits)...............eeeeeees ,* Ge 62 
| 
DR aeotksedie ears ee esiecdeemecereceerweMeenees 09691 13033 
ROE MR atidssaadctive die cateres tence ae asaaen | 9.81291 | 9.79239 
POR icin s SedcrerneReees tone oucee ea Coe cranes | 28400 -33794 
PO Cr asc sch ids s Oca eeanaduCoveveleus Seteves | 9.45332 9. 52884 
10 ‘Io 
Log (; to, =Log ( ) Duiidi Coe Cee cokseaeeertneseent | 9.76955 | 9.76955 
2 Fy, 7) | 
DA CEA docs se saedee ec udean sanecun pues | 9.22287 9.29839 
TINE lie von ks ots Sen wenseesupevcureacsvas | 16706 -19879 
Cg 108 OR YRC COMMIMIDOIE, «6.06. 6 eckccunencetercsece: | 2.47 |} 1.58 
Kg for Coby SOOMUCCION (HITE) oo 65s i ccicn cvs cds cerccnces | 1.47 1.51 
El We COR CIICEIONS CURTIS 66:5 cacic as tainecctut con senes _— -59 
OE Was che ianon ec BOs Cea CEC eRe eek cKucketuccaseers | .16732 -17898 
WME Mi rciedscuventen te ge eea rece gearecetadanevensene | 9.77085 9-77085 
RNIN disccniais Conanen Gas ane tdacdeemeuder anes tat - 39647 | -40813 
RAE GM 05k bh iss AER e Oea ea RURs KEK Kenton 9.59821 | 9.61080 
10 ‘10 
Log (23,) =Loe (22) de scce tee Soe wed bee esecdecuuesen | 9.76955 | 9.76955 
EAD) EOO Ca hi oan ccarewstd css tarceniaeunn 9-36776 | 9.38035 
LOG Dig... -ceseccseccccccecccvcersccvence | 423322 | .24008 
Ce Gers Na 5 se deKic vo aceebewanwdiammncuunen 1.71 | 1-74 
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Photograph of the carrier shown in figure 2, with two large respirometers and a 
thermometer in place. 
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RESPIRATION OF APPLE SEEDS' 
By GrorGE T. HARRINGTON 


Formerly Scientific Assistant, Seed-Testing Laboratories, Bureau of Plant Industry, 
United States Department of Agriculture 


This study was made, using the manometric respiration apparatuses 
and following in detail the procedure described in the previous article (7) 
on a new and efficient respirometer for use with seeds and other small 
objects. 

The size of apparatus used in each case was determined by the number 
and relative activity of the seeds to be studied. The results have been 
computed in terms of milligrams of oxygen consumed and milligrams of 
CO, given off per gram dry weight of the respiring seeds in 24 hours. 
The temperature coefficients have been computed for both processes for 
each temperature interval used, whenever the seeds used were in suffi- 
ciently stable condition to make it desirable to do so. 

FirST EXPERIMENT.—Newtown Pippin seeds from fruit stored at 0° C. 
until May 7. Seeds removed in the next few days and incubated on 
moist blotters at about 5° to 10° C. Experiment begun May 20 with six 
parallel lots of seed at temperature of 19°; 25 or 50 seeds per lot at be- 
ginning of experiment. (Table I.) 


TABLE I.—Respiration of Newtown pippin seeds at 19° C. 





Gaseous exchanges 
(mgm. per gm., dry 
weight) per day. 
Condition of seeds. . 


Oxygen 
con- 





COs pro- 


sumed, duced. 





1.09 30 


-83 -O1 
Outer coats removed ; 67 per cent germinat- 

ing at end of period 73 
81 
Intact; many germinating at end of period. ‘ 
Intact; germinated at beginning of period. . , -97 
Outer coats removed; all germinating at 

end of period . 3: 15 


Outer coats removed; germinated at be- 
ginning of period. . 83 
+53 

















@ Based on pan weight of intact seeds. 

> Based on dry weight of seeds with outer coats removed. 
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The results after the first period show the effects upon respiration of 
removing the outer coats? and of germination. When the outer coats 
were removed, the results were computed on the basis of calculated dry 
weight after removal of these coats as well as on the basis of the dry 
weight of the intact seeds. Some seeds were discarded during the experi- 
ment on account of advancing germination or to leave a convenient num- 
ber in a given condition for use in a given apparatus. 

The respiratory quotient was always less than unity, as should be 
expected when the material being respired is fatty or oily, and therefore 
poor in oxygen, as is the case with apple seed. 

Removing the outer coats approximately doubled or trebled the respi- 
ratory intensity without altering the respiratory quotient until germi- 
nation had well begun. Connected with this increased respiration of the 
seeds was an acceleration of germination, though these seeds were suffi- 
ciently after-ripened so that the majority of them germinated in four 
days even in intact condition. 

As germination advanced, the respiratory intensity rapidly increased, 
and in seeds freed from their outer coats the respiratory quotient became 
lower in value. (See last two entries in last column of Table I.) In 
intact seeds at a later stage of germination there is a similar decrease in 
the value of the respiratory quotient, not shown here but illustrated in 
other experiments. 

Godlewski (9),° Bonnier and Mangin (4), Gerber (8), and Ivanoff (13), 
have reported low values for the respiratory quotient of germinating 
oily seeds, or young seedlings. 

According to Godlewski, the respiratory quotient of fatty seeds during 
swelling is a little less than 1.0, but the value of the quotient falls as soon 
as the roots appear and is maintained about constant at from 0.55 to 0.65 
during the period of greatest respiratory intensity, after which it rises 
to about 1.0. His value for the period of greatest intensity is slightly 
lower than the lowest shown in Table I. According to this author, and 
to Gerber, the respiratory quotient of germanating starchy seeds is 
constantly about unity during the entire period of germination. 

Bonnier and Mangin, however, found that with both oily and starchy 
seeds during germination the respiratory quotient is at first near unity, 
falls gradually to a minimum variable with the species, and then rises 
again to its initial value. In this connection, it should be borne in mind 
that even starchy seeds contain more or less oil. In endospermous, 
starchy seeds, this oil is usually concentrated in the embryo. If, as 
would be expected, this oil is drawn upon very early during germination, 
the large use of oxygen in its conversion into sugars would give a tem- 
porarily low value to the respiratory quotient of such seeds, exactly as 
these authors point out in regard to oily seeds. They conclude that, if 
there are characteristic differences in the respiratory activity of the two 
classes of seeds, these differences consist only in the minimum value of 
the respiratory quotient, and not in the fact or direction of its variation 





* The coverings of the mature apple seed consist of: (1) a thick brown, fibrous outer coat with open 
micropyle; (2) a thin, translucent inner coat of very dense structure and without openings, suggesting semi- 
permeable characters; and (3) a delicate, whitish, cellular tissue, somewhat thicker than the inner coat, and 
evidently endospermous. Layer 3 is closely adherent to layer 2, and it is impossible to remove the two 
separately, though the embryo is easily bared by removing the two together. The outer coats constituted 
about 33 per cent, the inner coats and endosperm about 11 per cent, and the embryos about 56 per cent of the 
wet weight of the seeds. The dry weights of different parts were about 15 per cent, 5 per cent, and 33 per 
cent of the original wet weight of the whole seeds. 

Reference is made by number (italic) to “ Literature cited,” p, 129-130. 
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Gerber gives a minimum value of about 0.30 for the respiratory quo- 
tient of germinating oily seeds, while Ivanoff reports values as low as 
0.13. Gerber argues from his results that if the particular fats stored in 
any given seed are easily oxidized (flax) the respiratory quotient will be 
near that for complete oxidation (0.70), while if they are difficultly oxidiz- 
able (Ricinus) the quotient will be nearer that for simple conversion of 
the fat to sugars and therefore relatively low. 

Table I also shows a tendency for the value of the respiratory quotient 
to rise temporarily in the initial stages of germination of intact apple 
seeds. Gerber (8) points out a similar condition when the radicles are 
unable to break the coats, and assumes, without proper evidence, that 
his occasional high values of the respiratory quotient (slightly greater 
than 1.0) in such cases are due to the transformation of sugars into 
alcohol in the “imprisoned and fatigued’ cells. The same result would 
be obtained by the splitting up of the carboxyl groups of organic acids— 
a reaction, which, like the formation of alcohol, might result from a 
deficiency of oxygen in the respiring tissue. This oxygen deficiency, in 
turn, might occur as a result of the limiting effects of coat structures rela- 
tively impermeable to oxygen. But it is also true that a rise in the 
respiratory quotient until it becomes nearly equal to 1 might result from 
the oxidation of previously accumulated sugars more rapidly than the 
fats are broken down, without any reference to oxygen deficiency. 
Irwin (72) also calls attention to the theoretical possibility of obtaining 
a high production of CO, as a result of the splitting of carbonates and 
bicarbonates in the respiring tissues by accumulating organic acids. 
Since free oxygen would ordinarily be consumed in the formation of the 
organic acids, this oxygen consumption would tend to balance the CO, 
produced by such a breaking up the carbonates and to hold the respira- 
tory quotient at about its previous value. In Irwin’s work the increased 
production of CO, by Salvia petals as a result of etherization was accom- 
panied by decreased acidity, and a simultaneous increase in oxygen 
consumption indicated that the increased CO, production resulted from 
true respiratory exchanges. It is regrettable that Irwin’s apparatus (the 
Haas-Osterhout indicator apparatus (79) and technic did not involve the 
simultaneous determination of oxygen consumption and CO, production 
so that the respiratory quotient could be determined and closer deduc- 
tion could be drawn as to the probable origin of the increased output of 
CO,. In the absence of such data, it is natural to suppose that reduction 
in acidity at the same time that CO, production was increased would 
involve an oxidation of organic acids and an increase in the respiratory 
quotient. 

SECOND EXPERIMENT.—Seeds from a cider press mash, not germinated 
after incubation as follows: 

Lot A, 50 days at 20° C. in intact condition, then 68 days at 20° with 
outer coats removed.‘ 

Lot B, 50 days at 30° C. in intact condition, then 68 days at 20 to 30°, 
daily alternation, with outer coats removed.‘ 

Lot C, 50 days at 20° C. in intact condition, then 68 days in an ice 
box at about 5° to 10°, with outer coats removed.‘ 

The experiment was begun May 27, 1919, 25 seeds in each lot. 

All the seeds in lot C germinated within the first twu periods of two 
days each at 19° C. During the first period the volume of gaseous ex- 





4See footnote 2 on page rr8. 
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changes was about twice and during the second period about four times 
that for lots A and B, which remained dormant. The respiratory quo- 
tients for the two periods were 0.81 and 0.75—a little higher than for lots 
A and B. 

Table II shows the respiratory activity of lots A and B at different 
temperatures during a period of two months. During this time 12 per 
cent of the seeds germinated and were discarded, while a few others were 
discarded on account of injury. All results were calculated on the basis 
of the dry weight of the material actually present in the apparatus 
whether this included the inner coats or these had been removed. 

Both the respiratory intensity and the respiratory quotient rose and 
fell as the temperature of the experiment was raised and lowered. For 
each temperature, there was a fairly definite respiratory quotient which 
was reestablished each time the seeds were brought back to that tempera- 
ture from another temperature, either higher or lower. 


TABLE II.—Respiration of dormant cider press apple seeds with outer coats removed 



































Gaseous exchanges (milligrams per gram dry 

| weight per day). 

| en ee, 2 ie lee ape ola CO2/Or (volume) 

; Period _——- “| Oxygen consumed. COs produced. 

Al BY | al Bt A} Bt 
Hours °C | 

45 19 I. 02 96 | 0. 98 I. 19 0. 69 0. 64 
46 19 I. 00 1. 61 - 99 1. 63 «92 73 
46 19 yk 1. 61 I. 36 I. 52 -74 69 
aI 30 2.97 2. 94 3: 23 3-07 -79 75 
46 30 3.20 2. 56 3. 39 2. 44 «97 69 
45 30 4. 23 2. 93 4-73 3- 03 - 81 75 
43 19 2. 86 2. 83 2. 61 2. 64 . 67 67 
45 19 2. 80 a..§3 2.57 2.24 - 66 64 
47 19 2.97 I. 39 2. 48 1. 25 - 65 65 
a5 30 5- 59 2. 05 5. 67 I. 74 73 61 
48 30 4. 40 1.95 4.70 1. 85 o 97 68 
48 19 3. 25 1. 81 3. 00 1. 69 . 67 67 
118 19 3+ 31 1. 28 3. 12 1. 16 - 68 - 65 
115 10 1, 60 - 98 I. 37 - 76 - 62 - 56 
121 10 1. 64 1. 06 1. 40 . 86 . 62 <a | 
118 10 1. 55 -97 I. 35 97 - 63 58 | 
194 ° + 43 - 38 -12 «ar as -40 | 
140 13 1. 81 I. 07 I. 72 +95 - 69 64 | 
49| 30| 447| 330) 491 3-27 -79| +72 | 


INNER COATS REMOVED.’ INCIPIENT GERMINATIONS BY END OF PERIOD | 





16. 74 22. oI 17. 87 . 85 a 











20 30 | 19. 45 





ALL GERMINATING BY END OF PERIOD 


TO. 09 | 8. 86 | 10. 30 | 9. 61 -74 . 78 





43 19 


1 Lot A was previously incubated under germination conditions at 20° C., so days in intact condition, 
then 68 days with outer coats removed. ; mat 

* Lot B was previously incubated under germination conditions, so days at 30° C in intact condition, 
then 68 dayst 20to o° C with outer coats removed: 
See footnote 2 on page 118. 
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Lot B showed a generally lower respiratory intensity, lower respiratory 
quotients, and a smaller change in respiratory quotient resulting from 
any given change in temperature than did lot A. All of these differences 
seem to indicate that lot B was in a state of deeper dormancy than lot A. 

This condition probably reflects a greater impoverishment of lot B in 
the materials used in respiration as a result of previous incubation at a 
higher temperature. Both the greater intensity of respiration and the 
higher respiratory quotient at the higher temperature would work in 
this direction. 

This conception of the relation of dormancy to respiratory exchanges fol- 
lows closely the observations of Lund and others. Lund (76) has shown 
a great reduction in respiratory intensity of Paramecia as a result of partial 
starvation, or, in other words, impoverishment in respirable materials. 
The character of his material would naturally lead one to expect a much 
greater reduction in respiratory intensity on account of such impoverish- 
ment than would occur in dormant seeds, whose respiration is already on 
a rather low plane. In a later paper (17) the same author has shown 
that loss of irritability by Planaria under anaerobic conditions is much 
more closely associated with decreased CO, production than with absence 
of consumption of free oxygen. In the seeds of lot B, a decrease in CO, 
production relative to oxygen consumption under aerobic conditions 
seems likewise to correspond to a state of greater quiescence or deeper 
dormancy. 

Lot A increased in intensity of respiration at a given temperature, 
perhaps as a result of the temperature changes. Lot B, which had 
previously been given a regular daily alternation of temperatures, showed 
a greater intensity of respiration than lot A during the first few periods 
of the experiment, increased temporarily, and then fell to the original 
intensity. The effect of alternating temperatures upon the respiration 
of dormant seeds is, however, unknown, and may bear no relation to 
the differences here noted. 

Ziegenbein (23), working with germinated seeds, decided that sudden 
changes of temperature cause no modification of respiratory intensity 
at either extreme of the alternation. On the other hand Palladine (20), 
using similar material which had been previously cultivated on sugar 
solutions at different temperatures, concluded that passing from a high 
temperature (36° C) or from a low temperature (7°) to a medium tem- 
perature (18° to 20°) stimulates the respiration of plants. Blane (3) 
objected to Palladine’s technic and, in a very careful piece of work 
upheld Ziegenbein’s view. Blanc concluded that for each temperature 
there is a definite respiratory intensity, and the transition from the 
respiratory activity corresponding to a given temperature to that cor- 
responding to a different temperature is made gradually allowing for all 
respiratory activities intermediate between those of the extreme tem- 
peratures. 

While Blanc’s results seem conclusive for the material he worked 
with, neither he nor the previous workers used material which was in a 
dormant condition. In view of the known effect of temperature alterna- 
tions upon the germination of many kinds of seeds it seems possible that 
the respiration of dormant seeds may at least in some cases be affected 
by such alternations in ways quite different from any effect upon actively 
growing material. This point needs investigation. My own results as 
here given, while suggestive, certainly furnish no proof of such effects. 
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The very low respiratory quotient at o° C. is particularly interesting 
because it suggests storage of oxygen at low temperatures as at least one 
cause of the favorable effect of low temperatures upon after-ripening. 
Even at 19°, the weight of oxygen taken in was greater than that of CO, 
given off, so that unless some of the excess oxygen was split off as water, 
the seeds were actually gaining in dry weight. The obvious suggestion 
here is that oxygen is being used in the transformation of fats to sugars 
or in the formation of organic acids. Sugars and acids have been 
shown by Applemann (7), Atwood (2), Brannon (5), Eckerson (7), and 
Jones (74) to accumulate during storage of dormant structures at low 
temperatures. Eckerson (7), in fact, showed an increase in acidity of 
haw and apple seeds during incubation at low temperatures, which were 
favorable for after-ripening. I have found that the after-ripening of 
apple seeds takes place also in commercial cold storage when the seeds 
remain within the intact fruit. While perhaps it should not be expected 
in this case that oxygen would be available for storage in the seeds, still 
the volume of the respiratory exchanges of the seeds within the fruit 
must be small and must be governed more or less by the respiratory 
activity of the surrounding pulp, so that the maintenance of a low respir- 
atory quotient, with concurrent increase in the acidity of the seeds, may 
not be out of the question even here. 

Possibly also the increase of oxidizing enzyms during after-ripening at 
low temperatures, as shown by Eckerson for apple seeds, and by Crocker 
and Harrington (6), Jones (74), and Rose (21) for other seeds, and the 
fact that their catalase activity at least is exceedingly high immediately 
after germination, as I have found in work as yet unpublished, and as 
previously reported by Crocker and Harrington (6) and by Jones (14) for 
other seeds, are significantly related to their respiratory exchanges, 
especially to storage of oxygen and low respiratory quotient during after- 
ripening at low temperattres and to intense oxidation with high respira- 
tory quotient in the first stages of germination. The correspondence 
between respiratory activity and catalase activity is especially interesting 
in view of previous work by Applemann (r), Crocker and Harrington (6), 
and Kohl (15) which seems to connect this enzym definitely with respira- 
tory processes. 

In the last two periods of the experiment, the naked embryos were used. 
Germination began at once, and in less than three days all had germi- 
nated. There was the customary tremendous increase in respiratory 
intensity. ‘There was also a slight increase in the respiratory quotients 
above those which were normal for the dormant seeds at the temperatures 
used, indicating that, in this early stage of germination, oxygen-rich sub- 
stances were being respired more rapidly than the fats were being broken 
down to their component sugars. During the last period the oxygen in 
the respiration apparatuses, as computed from their known volume, was 
quantitatively used up, and the respiratory quotients were probably 
somewhat higher than they would otherwise have been. 

The temperature coefficients for oxygen consumption and for CO, pro- 
duction in consecutive periods of the preceeding experiment are given 
in Table III. 

Table III shows values for Q,) ranging from scarcely more than 1 to 
nearly 4, with two exceptional higher values for CO, production at low 
temperatures in case of lot A. The values are greater for lot A than for 
lot B,.emphasizing again the difference in response of the two lots to 
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external conditions. They are also greater for CO, production than for 
oxygen consumption, greater when changing from 19° to 30° C., than when 
the reverse change is made, and greater at low temperatures than at 
higher temperatures. The differences in temperature coefficients, when 
the reciprocal changes 19° to 30° and 30° to 19° are made, suggest a stim- 
ulating effect of the higher temperature, which is not entirely lost upon 
return to the lower temperature. 

Upon removal of the inner coats and the onset of rapid germination, 
with vigorous respiration, the temperature coefficients remained about 
the same as for the same temperature interval with dormant seeds. 


TABLE III.—Temperature coefficients (Q\9) for the respiration of dormant apple seeds 
with outer coats removed 


‘Temperature interval. Que for oxygen Que for CO2 


| consumption. production. 
°C. | A! a ae 
PETE EEO Ce eT ER Te eee. | 2.08 | 1.73 | 2.20 | I.go 
pC eee eee ee er ee eC | 1.43 1.03 | 1.71 | 1.14 
MM SG wiwecccne end e su ves eanthdaahaur’ 1.89 1.43 | 2.12 | 1.35 
Mg ahi ob bu e6oes Ch cuide ck sey eenesiededl 1.32 1.07 | 1.st | 1.09 
BE ci i ck 4 Scee HeRES Ree ebeh ahasees | 2.32 1.35 | 2.46 | 1.53 
a ne ere es Peer meer Feet at or | 3a 2.53) 11.04 | 3.60 
TR iid.ckn 6 bins ade Sag uses veneheeeees | 3-03 2.21 | 7-66 | 3-15 
PR Aye PRT ee eee Ore eee 1.70 | 1.59 | 1.85 2.07 
30 to 19 naked germinating embryos........ | 1.95 | 1.78 | 2.07 | 1.76 
| | 





1 Lot A was previously incubated under germination conditions at 20°C., so days in intact condition, then 
68 days with outer coats removed. 

2 Lot B was previously incubated under germination conditions, 50 days at 30°C. in intact condition, then 
68 days at 20° to 30° with outer coats removed. 


THIRD EXPERIMENT.—Newtown Pippin seeds. Fruit stored at o° C. 
to May 7, seeds removed during next few days and incubated under 
germination conditions at 5° to 10° for 13 to 18 days. Many seeds had 
germinated. Only those not germinated were used for the respiration 
experiment. Fifty seeds in each lot at beginning of experiment. Some 
discarded from time to time on account of advancing germination or to 
keep a convenient number in a given condition for a given apparatus. 
(Table IV.) 

The principal points to be noted regarding this experiment are: 

1. The respiratory intensity which was about the same at the beginning 
of the experiment as shown in Table I, rose sharply with the onset of germi- 
nation, but fell somewhat after germination, with the second period at 
the excessively high temperature of 30° C. 

2. The respiratory quotient was high, as in the previous experiments, 
during incipient germination. The value of the respiratory quotient in 
this case reached 1.2, recalling Gerber’s observations.® 

3. The respiratory quotient fell in value as respiratory intensity 
increased with advancing germination. The lowest value of the respira- 
tory quotient, as well as the figures expressing respiratory intensity during 
the same period, are here almost identical with those for the period of 
greatest respiratory intensity in Table I. 


6 See discussion on page 119 
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TABLE 1V.—Respiration of Newtown Pippin seeds  Srom cold-stored fruit. Seeds not 
germinated after incubation at 5° to 10° C. for 13 to 18 days 


Gaseous exchanges. 
(Mgm. per gm. 
dry weight per 











Tem- 
Period.| pera- Description of seeds. = Pa me 
ture. 
Oxygen CO: 
consumed.| produced. 
Hours.) °C. Ae: . : | 
Several incipient germinations at end of | 0.95 1. 58 I. 20 
45 19 period. 
en ee ee eee ee -95 1. 56 1. 19 
46 19 | 54 per cent germinating by end of period. -97 1. 28 -95 
Roots reddish. 


A. Not germinated; 50 per cent germi- I. 49 I. 70 . 83 
46 19 nating by end of period. 
B. Germinating at beginning of period....} 1. 94 2.19 . 81 
A. Not germinated; 44 per cent germi- 1. 80 2.78 a 
| nating by end of period. 
B. Germinated at beginning of period; | 11.15 | 10.00 - 65 
slow growth. 
A. Same seeds as previous period; 52 per 2. OL 2, 56 - 92 
(, cent germinating by end of period. 
Same seeds as previous period......... 6. 13 5.97 -70 


21 30 


46 30 




















FouRTH EXPERIMENT.—Newtown Pippins. Cold stored in fruit until 
May 7. Seeds removed and incubated a few days at 5° to 10° C., then 
12 days at 25°. Many germinated at 25°. Respiration experiment 
with those not yet germinated. ‘Twenty-five seeds in each lot at first. 
Some discarded during the experiment on account of germination or to 
leave a convenient number in a given condition for a given apparatus. 
Experiment begun May 27, 1919. (Table V.) 

The principal points to be noticed in this experiment are: 

1. Respiratory intensity was lower during the first period than in the 
previous experiment with similar seeds previously incubated only in the 
ice box. This difference in resipratory intensity between the seeds used 
in the two experiments is correlated on the one hand with a possilbe 
assumption of a condition of secondary dormancy by the seeds at 25° C., 
and on the other hand with a known increase in metabolic activity during 
the last stages of after-ripening at the lower temperature. To be sure 
the selective effect of germination during the previous incubation would 
leave only the less active seeds to be used in the respiration experiments. 
But this factor could not account for the difference observed. Of the 
seeds originally put to germinate, nearly twice as large a percentage of 
those incubated at 5° to 10°, had germinated previous to the respira- 
tion experiment as was the case with those incubated at 25°. The 
selection resulting from germination would, therefore, of itself tend 
toward a lower rather than a higher respiratory activity in the seeds used 
in the previous experiment as compared with those used in the present 
experiment. Since the two experiments were begun at the same time, 
and conducted simultaneously throughout, there can be no difference 
due primarily to the mere lapse of time. 
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TABLE V.—Respiration¥of Newtown Pippin seeds, not germinated after cold storage in 
the fruit to May 7, incubation at 5° to 10° C. for a few days and at 25° for 12 days 


























Gaseous exchanges. | 
on | Gry weight, “pet | 
Period.) pera- Condition of seeds. | day.) Pans a 
ture. vi y 
| Oxygen | COs pro- 
jconsumed. duced. 
Hours.| °C. | 
45 Wee’ | MMS 8 ciel ond Baten dia coe weeds © cheo | 080; 077 0. 70 
A. 12 per cent just beginning to germinate | | 
46 19 |. ere .85 . 83 78 
B. 24 percent germinating at end of period; | 
OS a re nee | 3.45 I. 42 me 
A. Not germinated; 16 per cent germi- 
46 19 nating at end of period.............. 1. 82 2.25 . 89 
B. All germinated at beginning of period; | 
| fairly active growth; healthy.........| 7. 54 6. 62 . 63 
ifA. Not germinated; 10 per cent germinat- | 
21 30 | ing at end of period................. 1. 45 1.9% . 85 
B. Same seeds as B in preceding period; 
| little new growth; roots curled and 
WI iiss oe sxcendedoaieiacasnssascccae, -30ee Il. 3 . 61 
A. Same seeds as in preceding period; 
6 ~? 15 per cent germinating and 5 per | 
4 3° | cent moldy by end of period......... 1. 36 I. 53 | . 81 
|\B. Same seeds as B in preceding period; 
| Pk See ere ee ee ae 8. 55 | . 64 











Furthermore, contemporaneous germination tests showed that very 
little germination occurred at 25° C. after the first 12 days, while at 5° 
to 10°, or a little above, germination continued slowly and was nearly 
complete within the next two weeks. There was therefore a progressive 
change going on in each case, tending to a condition of dormancy at 25°, 
and to complete germination at the lower temperature. The impoverish- 
ment of the seeds used in this experiment as a result of relatively high 
respiratory intensity during the previous period at 25°, and especially 
the relatively high respiratory quotient no doubt obtaining at that 
temperature on the one hand, and the low respiratory intensity and 
storage of oxygen (low respiratory quotient) characteristic of the lower 
temperature on the other hand, are no doubt related to the comparative 
behavior, both as to respiration and as to germination, when the seeds 
used in the two experiments were brought to the same intermediate 
temperature of 19°. 

2. The respiratory intensity increased rapidly with advancing gerimi- 
nation, but fell off during the second period at the excessively high tem- 
perature of 30° C. 

3. The respiratory quotient corresponded to complete oxidation of 
the fats (0.70) at the beginning of the experiment, rose very slightly 
during the earliest emergence of radicles and much more during later 
incipient germinations, and fell markedly in later stages of germination 
in spite of the high temperature (30° C.), which gives a high respiratory 
quotient in dormant seeds. 

FIFTH EXPERIMENT.—A. Seeds remaining in lot A of previous experi- 
ment of which this experiment is a continuation; B,25 York Imperial seeds 
not germinated after cold storage in the fruit to February 5, 1919, removed 
from fruit February 15, and incubation at 5° to 10° C., four days, and 
at 25° 344 months. This half of the experiment was begun May 27, 
1919. (Table VI.) 








126 Journal of Agricultural Research Vol. XXIII, No. 





TaBLE VI.—Respiration of Newtown Pippin and York Imperial seeds dormant after 
cold storage in the fruit and incubation at 25° C. 
































| Gaseous a gm. dry weight) | CO1/Os (volume). 
: | ‘Temper- | SS eee ee eee 
Period. | “ature. | Oxygen consumed. Cos produced. | 
| _eteitee |* 
a oe aa = 
| 
Hours.| °C. 
45 WL Te ocnee cs MO He soc eases Cee ies 0. 73 
46 A Pees err Ss a GIO OE Feet Seve 9 
46 i rere ee er EO Be ctor a | 
21 BO |.....00e. ve Iai (Ar cr ie pe ae CS 83 
46 Ne ison ouote BHO evcewee es ie dll CORI 72 
45 30 I. 36 I. II 1.27 | I. 03 0. 68 67 
| 43 19 | .096 I. OI .78 . 78 59 .56 | 
| 45 19 | .85 -90 |* .or | .80 77 . 64 
47 19 | 81 - 84 86 | 69 77 59 
25 30 I. §7 I. 33 1. 59 1.25 73 63 
48 30 1. 06 I. 00 I. 02 I. 02 81 714 
48 19 - 93 - 94 go a 70 60 
118 19 59 | 63 | +59 57 | 72 65 
114 10 . 60 6r | «ex 49 | 61 57 
121 be) 62 64 < St 54 | 59 58 
118 | 10 62 . 65 53 | 46 62 50 
194 | ° 28 30 14 16 37 39 
140 13 62 . 65 -50 | -59 | -70 66 
49 30 1. 35 125 | 5% | 47 81 85 
| 
ALI, OUTER COATS REMOVED | 
20 | 30 | 5.22 4. 54 505 | 414 | «70 . 66 
pene - ae 3 | ALL GERMINATING BY END OF | 
INNER COATS REMOVED PERIOD * 
| | 
43 19 956 7-19 | 9-53 | 6.99 +72 70 
eal 











Lot A, Newtown Pippin seeds dormant after cold storage in fruit, incubation at 5° to 10° C for a few days 
and then 25° for 12 days, and previous respiration experiment at 19° and 30° for 9 days. 

* Lot B, York Imperial seeds dormant after cold storage in fruit, incubation at 5° to ro ° C. for 4 days and 
at 25° for 344 months. 

* See footnote on page 118, 

Table VI gives the data for the respiratory exchanges. None of these 
seeds germinated until the last period of the experiment after removal 
of the inner coats. All results were calculated on the basis of the dry 
weight of the material used in each period, whether this included coat 
structures or not. 

1. The respiratory intensity was generally much lower than that of 
the dormant seeds with outer coats removed, which were used in experi- 
ment 2, but on account of the method used of computing the results 
in relation to the material actually used, the differences in relation to 
the actively respiring portions were probably not as large as would 
appear from a comparison of the two tables. 

During the last long period (118 hours) at 19° C. the respiratory 
intensity was so reduced that for the whole period the average intensity 
was about the same as for the subsequent periods at 10° and for a later 
period at 13°. It is not possible to state the reason for such a fall in 
respiratory intensity during this period. It can not be the direct result 
of greater reduction in oxygen pressure or greater increase in CO, pres- 
sure than in previous periods, since the actual amounts of gaseous 





er 
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exchange were scarcely greater during this period than during some 
previous periods at 30° C. 

2. Respiratory quotients were generally about the same as in experi- 
ment 2, but rather irregular, especially with lot A in the first few periods 
following the preceding experiment in which many germinated; except 
for these irregularities quotients rose and fell with rise and fall of tem- 
perature, and they became very low at o° C.; the respiratory quotients 
were higher for lot A than for lot B, probably for the reason suggested 
in experiment 2 (see page 120). 

3. Removal of the outer coats greatly increased respiratory intensity 
but decreased respiratory quotients as if rendering oxygen more avail- 
able. If this is the correct explanation, then it must be that the inner 
coats are readily permeable to oxygen in aqueous solution, and this 
must hold, too, for CO,. Such an assumption would explain the greater 
respiratory intensity of the seeds used in experiment 2, as compared 
with those used in experiment 5, and the sporadic germination of a small 
percentage of the seeds used in experiment 2 during the course of the 
experiment would then appear as probably the result of such increase 
in permeability and consequent increase in respiratory intensity. With 
prolonged exposure of the inner coats to the air, as in the case of ex- 
periment 2, they become somewhat brownish and perhaps less permeable. 

4. With removal of the inner coats, the seeds all germinated with 
greatly increased respiratory intensity and little change in respiratory 
quotients. The air in the apparatuses at the end of this period con- 
tained about 1 per cent oxygen. 

Table VII gives the temperature coefficients for oxygen consumption 
and CO, production for consecutive periods with all temperature inter- 
vals used in experiment 5. 


TABLE VII.—Temperature coejficients for respiration of dormant intact apple seeds 











Qio for oxygen con- 


) ‘Oe producti 
sumpton. Qio for COz production. 


Temperature interval. 


Al B? A} B? 
*C. 
kL, MEER ERE ERE TER OT ee Geer oe 2 oe 1.80 
DON ID os ihg a Stn oR eA RASS REAR Ce CNIS 1.37 1.09 1.56 1.29 
Sk al SRA a NAN ie ar Aine MeN, Sand eae tie ar 1.83 1.52 1.75 1.71 
MMR TIS cities Ceo Rae tne ka ok ueracta te heise 1.13 1.05 1.30 1.28 
CT Oe eee errr rrr? -99 1.02 1.18 I.19 
Ae earns reer ere cee cert 2.25 2.17 3-79 2.79 
Le. REPEL EIS RTE SE EE Tee cick eee, 1.86 1.80 | 3.04 2.69 
SU SWOT Us oars Re Aba ob hs ees DERE 1.59 1.48 $93.1 1.71 








1 Lot A, Newtown Pippin seeds dormant after cold storage in {ruit, incubation at 5° to 10° C. for a few 
days and then 25° for 12 days, and previous respiration experiment at 19° and 30° for 9 days. 

2 Lot B, York Imperial seeds dormant after cold storage in fruit, incubation at 5° to 10° C. for 4 days 
and at 25° for 344 months. 

As in experiment 2, the values for Q,, are greater for CO, production 
than for oxygen consumption, greater for the lot which I have supposed 
to be richer in the more easily oxidizable materials (A) than for the other 
lot (B), greater when changing from 19° to 30° C. than when the reverse 
change was made, and greater at low temperatures than at higher tem- 
peratures. 

As a result of the very low respiratory intensity during the 118—hour 
period at 19° C., the temperature coefficients from this temperature to 
10° appeared very low. 
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From Table VII and the previous table of temperature coefficients 
(Table III) it is evident that the values of Q,, for the respiration of seeds 
for any given temperature interval may depend upon a number of dif- 
ferent factors, which have not as yet been worked out, but among which the 
physiological condition of theseed and its previous treatment are important. 

It is impossible to draw reliable conclusions as to the nature of the 
complex of processes which constitute respiration from any one set of 
temperature coefficients. Nevertheless, it seems entirely safe to say that 
different steps in the complex are differently affected by temperature 
changes—in other words, have differential temperature coefficients—and 
that these differences are reflected in the physiological condition of the 
living embryo can scarcely be doubted. 


IMPORTANCE OF STUDYING OXYGEN CONSUMPTION AND CO, PRODUC- 
TION IN THEIR RELATION TO EACH OTHER 


A great many, though by no means all, investigators of respiration have 
confined their attention to either oxygen consumption or CO, production 
to the exclusion of the other, and frequently the apparatus used has ren- 
dered the study of the other impossible. Different investigators have been 
led to consider of paramount importance one or the other of these two 
evidences of respiratory activity. Mayer (18), for instance, studied only 
oxygen consumption because this was supposed to correspond much more 
nearly to the amount of heat produced by respiration than does CO, pro- 
duction: Much of the oxygen consumed does not reappear as CO, but is 
built into the plant tissues. In this case CO, is not the end product of the 
oxidation. On the other hand, he points out that CO, is given off by the 
reduction of oxygen-rich mineral acids, quite independent of true respira- 
tion. Tashiro (22) and, following him, Gurjar (10) emphasized CO, pro- 
duction as “an accurate index of respiratory activity.” 

It would seem from the data in this paper that neither oxygen consump- 
tion nor CO, production can be considered as “an accurate index of res- 
priatory activity.” Both depend upon external as well as internal con- 
ditions, which affect the two differently, so that neither alone gives a 
complete picture, much less a satisfactory understanding of respiratory 
exchanges. It seems certain, furthermore, that following oxygen intake 
and CO, output, in their relation to each other and to external factors, 
will be useful in poiuting the way to fruitful investigations in other fields 
of plant physiology. 

SUMMARY 


(1) The respiratory intensity of dormant apple seeds is low. The 
respiratory intensity of seeds capable of germination is higher and 
becomes very high with advancing germination but soon falls some- 
what if the germinated seeds are kept at too high a temperature (30°). 

(2) Removal of the outer seed coats or of both seed coats increases 
respiratory intensity and accelerates germination. 

(3) The respiratory quotient of dormant apple seeds at ordinary tem- 
peratures (19° C.) corresponds to complete oxidation of fats (0.70) or 
to only slight increase in sugars. 

(4) The respiratory quotient increases with increase in temperature, 
causing impoverishment in easily oxidizable substances and possibly 
indicating oxygen deficiency in the respiring tissues. 

(5) The respiratory quotient decreases with decrease in temperature, 
indicating a storage of oxygen which becomes very considerable at 10° 
and o° C. and probably leads to increase in acids and sugars. 
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(6) Correlated with a relatively high rate of oxidation at high temper- 
atures is a tendency for the seeds to become more dormant; with storage 
of oxygen at low temperatures they slowly become capable of germina- 
tion. 

(7) The respiratory quotient becomes low (about 0.60) with ad- 
vancing germination, indicating the rapid transformation of fats and 
accumulation of sugars. Preceding this fall in respiratory quotient 
there is frequently a brief initial rise (to a maximum of 1.2), which 
indicates the breaking up of oxygen-rich bodies (probably organic acids) 
much more rapidly than these bodies are replaced and may be associated 
with a temporary deficiency of oxygen in the respiring tissues. 

(8) The temperature coefficients for the respiratory exchanges of dor- 
mant apple seeds are greater for seeds previously incubated at medium 
temperatures (20° C.) than for seeds previously incubated at higher 
temperatures, greater for CO, production than for oxygen consumption, 
greater when changing from a medium temperature (19° C.) to a higher 
temperature (30° C.) than when the reverse change is made, and greater 
at low temperatures than at high temperatures. 

(9) Temperature changes, at least temporary elevation of the tem- 
perature (to 30° C.), may exert a stimulating effect on the respiration 
of dormant apple seeds, but the evidence is not conclusive. 

(10) Respiratory intensity, respiratory quotients, and temperature 
coefficients are affected by the previous treatment of the seeds, being 
higher after treatment which tends toward after-ripening, and lower after 
treatment which induces deeper dormancy. 

(11) Temperature coefficients are different for different steps in” the 
oxidative processes which constitute respiration, and these differences 
are related to the different temperature effects upon the physiological 
condition of the living embryo. 

(12) In order to gain an understanding of respiratory processes it is 
necessary to study oxygen consumption and CO, production in their 
relation to each other. 


LITERATURE CITED 
(1) APPLEMAN, Charles O. 
IQII. PHYSIOLOGICAL BEHAVIOR OF ENZYMES AND CARBOHYDRATE TRANSFORMA- 
TIONS IN AFTER-RIPENING OF THE POTATO TUBER. In Bot. Gaz., v. 52, 
no. 4, p. 306-315. Literature cited, p. 315. 
(2) Arwoop, W. M. 
1914. A PHYSIOLOGICAL STUDY OF THE GERMINATION OF AVENA FATUA. In Bot. 
Gaz., v. §7, no. 5, p. 386-414, 13 fig. Literature cited, p. 410-414. 
(3) Buanc, L. 
1916. RECHERCHES EXP&RIMENTALES SUR L’INFLUENCE DES VARIATIONS DE 
TEMPERATURE SUR LA RESPIRATION DES PLANTES. In Rev. Gén. Bot., 
t. 28, no. 327, p. 65-79. 
(4) Bonnier, Gaston, and MANGIN, L. 
1884. SUR LES VARIATIONS DE LA RESPIRATION DES GRAINES GERMANT AVEC LE 
DEVELOPPEMENT. In Bul. Soc. Bot. France, t. 31 (sér. 2, t. 6), p. 
306-309. 
(5) BRANNON, M. A. 
1913. OSMOTIC PRESSURE IN POTATOES. In Bot. Gaz., v. 56, no. 5, p. 433-438, 


4 fig. 
(6) Crocker, William, and HarrincTon, George T. 
1918. CATALASE AND OXIDASE CONTENT OF SEEDS IN RELATION TO THEIR DOR- 
MANCY, AGE, VITALITY, AND RESPIRATION. In Jour. Agr. Research, v. 
15, No. 3, p. 137-174, 3 fig. Literature cited, p. 173-174. 
(7) Ecxerson, Sophia. 
1913. A PHYSIOLOGICAL AND CHEMICAL STUDY OF AFTER-RIPENING. In Bot. 
Gaz., v. 55, no. 4, p. 286-299. Literature cited, p. 297-299. 





130 Journal of Agricultural Research Vol. XXIII, No. 2 


(8) Gerper, C, 
1900. RTUDE COMPAREE DE LA RESPIRATION DES GRAINES OLBAGINEUSES 
PENDANT LEUR DEVELOPPEMENT EI PENDANT LEUR GERMINATION. 
RELATION ENTRE CETTE RESPIRATION ET LES RGACTIONS CHIMIQUES 
DONT LA GRAINE EST LA SIEGE. Im Actes 1° Cong. Internat. Bot. 
Paris, 1900, p. 59-I0t. 
(9) GopLEwskI, Emil. 
1882. BEITRAGE ZUR KENNTNISS DER PFLANZENATHMUNG. In Jahrb. Wiss. Bot. 
[Pringsheim], Bd. 13, Heft 3, p. 491-543, 1 fig. 
(10) Gurjar, A. M. 
1917. THE ADAPTATION OF TRUOG’S METHOD FOR THE DETERMINATION OF CAR- 
BON DIOXIDE TO PLANT ecthanene sre stupigs. In Plant World, v. 20, 
no. 9, p. 288-293, 1 fig. 
(11) Harrincton, George T., and CRACKER, William. 
1922. A NEW AND EFFICIENT RESPIROMETER FOR SEEDS AND OTHER SMALL 
OBJECTS: DIRECTIONS FOR ITs USE. Jn Jour. Agr. Research, v. 23, 
no. 2, p. 101-116, 2 fig., r pl. Literature cited, p. 113-115. 
(12) IRWIN, Marian. ; 
1919. COMPARATIVE STUDIES ON RESPIRATION. VI. INCREASED PRODUCTION 
OF CARBON DIOXIDE ACCOMPANIED BY DECREASE OF acipITy. Jn Jour. 
Gen. Physiol., v. 1, no. 4, p. 399-403, 2 fig. 
(13) IvANOW, Sergius L. 
1913. DER KINFLUSS VON OERLVORRATEN DER SAMEN UND DER TEMPERATUR AUF 


DEN RESPIRATIONSCOEFFICIENT €O: In Zhur. Opytn. Agron. (Russ, 
2 
Jour. Exp. Landw.), t. 14, kniga 1, p. 75-87. In Russian. German 
résumé, p. 87. 
(14) Jones, H. A. 
1920, PHYSIOLOGICAL STUDY OF MAPL# SEEDS. In Bot. Gaz., v. 69, no. 2, p. 
127-152, 2 fig. Literature cited, p. 151-152. 
(15) Kout, F. G. 
1910. UBER DAS WESEN DER ALKOHOLGARUNG. In Bot. Centralbl., Beihefte, 
Bd. 25, Abt. 1, Heft 2, p. 115-126. 
(16) Lunp, J. E. 
1918. QUANTITATIVE STUDIES ON INTRACELLULAR RESPIRATION. IV. THE RATES 
OF CO, PRODUCTION BY STARVED AND FED PARAMECIA, AND THEIR 
POSSIBLE RELATION TO THE RATES OF OXIDATION IN THE UNFERTI- 
LIZED AND FERTILIZED SEA URCHINS EGG. In Amer. Jour. Physiol., 
V. 47, no. 3, p. 318-327. Bibliography, p. 327. 
(19). 
1920. THE RELATION OF THE CONCENTRATION OF OXYGEN TO THE RATE OF 
RESPIRATORY METABOLISM IN PLANARIA. (Abstract.) Jn Anat. Rec., 
V. 17, NO. 5, Pp. 342-343. 
(18) MayEr, Adolph. 
1875. UEBER DEN VERLAUF DER ATHMUNG BEIM KEIMENDEN WEIZEN. In 
Landw. Vers. Stat., Bd. 18, p. 245-279. 
(19) OstERHOUT, W. J. V. 
1918. A METHOD OF STUDYING RESPIRATION. In Jour. Gen. Physiol., v. 1, 
no. I, p. 17-22, 1 fig 
(20) PALLADINE, W. 
1899. INFLUENCE DES CHANGEMENTS DE TEMPERATURE SUR LA RESPIRATION 
DES PLANTES. In Rev. Gén. Bot., t. 11, mo. 127, p. 241-257. 
(21) Rosk, R. C. 
191g. AFTER-RIPENING AND GERMINATION OF SEEDS OF TILIA, SAMBUCUS, 
AND RUBUS. In Bot. Gaz., v. 67, no. 4, p. 281-308. Literature cited, 
307-308. 
(22) TASHIRO, Rite, 
Ig13. A NEW METHOD AND APPARATUS FOR THE ESTIMATION OF EXCEEDINGLY 
MINUTE QUANTITIES OF CARBON DIOXIDE. In Amer. Jour. Physiol., 
V. 32, NO. 2, p. 137-145, 2 fig. 
(23) ZIEGENBEIN, Ernst. 
1893. UNTERSUCHUNGEN UBER DEN STOFFWECHSEL UND DIR ATHMUNG KEI- 
MENDER KARTOFFELKNOLLEN SOWIE ANDERER PFLANZEN. In Jahrb. 
Wiss. Bot. [Pringsheim], Bd. 25, Heft 4, p. 563-606. 





